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PRKPACE 


The firflt Eilibian a! tbiu Ailni waa pulfhshed in th* ja&r I&IO. The w^>rt: waa priniafil^ des-igiifd for tho??e afiiat^ur 
talesjcopssL* whuae iuatnaiiiienta ftre mounts either on lilt-aLzimutb ^tandfl Ot an e^juatorialfl ■withouli grnduat^il 
cirt^les. It aitao mtanded to he used fts ■& c^^nipatiion t4> Webb's inv^lDJilile “Celestial Objects f(^r (Jonitnoti 
Teleacopei,*' and admlrabie "Oj^cle of Celestial Object!," both now out pf prhi^ and unobtainable except in 

astronomical Uhrarieu. Prjicticaitly all the objects ogntained lo. ths la teat editiona e6 thcjte two wortsT, down to and 
iacluding atara of the &i;voatb magnitude^ are shown in the mapa^ also aeveral fainter objects of particular intereat. 

Owing to the plan and arrangdinent of the mape^ and also on account of the large ovferJapj a view of about one- 
ilfth of the ontiiro LeavertH la shown an ouu folio^ and no constflllation ia inconveniently broken up. Tlie dtatortton 
Is alight considering the large area rapfaaenHwi. Altogether the ohariB indicate the positipns of over ®j400 stars 
aiid &(>0 uebuiffi. Bright variable and red exotb are iadicated by a Mfuall “v" and "ft"’ respectlviely. but double 
stars could not be similarly lottorcd without sacrificing the clearness d the map*. For particulars of these objects, 
referfinco should be made to the iista on the back of the maps and to **" \V&bh " and Smyth.” 

The underljing idea haa lieen to furnish both the anaatenr obf^erver and the general reader with a reference 
book to which he can turn for an eiplanation of unfamiliar terms^obflervaiionjil terminology eapcciallj being very 
inadetjufltely dealt with in text-hoaks. These explanations are necesasarily much comprefsed, but it is hoped they 
are stidiciently contplete for the required purpose. Sources of fuller infonufttion are often giTcn. 

Ths Constellation boandariea nsed are those prepared by Moub. E- Elclportep and adopted by the Ititeraational 
Aiironomical Union in 1950. The epoch gf Mons. Delporte's bo'nndarie^j is iSTfi, and by 1950 the chstngfi of their 
ppsitigns iti R A and l>ecL, due to 75 years of precessioa, is appreciable. With mspett to the etars tb-eEDsclrea the 
positions of the boundaries always remain unaltered. 

The 9th and subsequent edltiona -contain completpcly rt-drawn charts for the now standard epoch I950r The 
Index Maps and Galactic Charts which, having K-A, and Dec. lines a^ well aa galactic co-ordinateip wilt bo helpful 
in galactic studies^ 

Alt the main features of the 1930 epoch maps have been retained, but with certain alterations;— 

(ffl) Stare froni tha RitTised Harrard PhotomEtry down to tnagiLiLude C’55 have been chartsd. in the crigiiial editiud. 
of thia work, the etar pLaces wsro taken nmEily from Ho\izeau's ^IJrjm-DmGtrie A careful ^^mparisoiL 

of the inagnitudte of Houaeau's faitkter naked-eye sta™ with the same ators included in the II.R, hud ita Bupple* 
tndnt, ahowod that tnftny of hia etara. are placed at a lowar^ aomctimos n much lower magnitude than on 
Harvaid scale. Such atara haTc now gcLeraUy boon omitted. On the other Land^. mmy Hitrvard stats, not in 
ETouaBiiu, have bco^n tnaertodp OS- well as ee^eraj additianal double stara f^oin varices aenre^fl. 

(^) All nebuhu^ except those of Metier and thaae cljkaaod by Horschel (ec» p. 50), have now tooelved the ?l,G.G. numbata. 
(s) Variable stars which reaoh at their maiiiriQm birightTtess the 6th cr 7th magnitude^ have been indicated lu tho maps 
by H irmll circlea. 

rd> The Galactic Equator and Poles now adopted are those recommended by the Inldmaticnal Aetroncmical Unions 
iuid differ elightly in position from ^hoae which have appeared in tli* tiarlier 
The Milky Way is in many placsa ejctremely oamplus:, varying luuch in brigbtnea% with cloudy wiepa of light, datk 
sp(LCfH3 and dork winding lanes No atnglfi-fcint rcpresontifttion, ffnch as is ueod in this atTsH^ (an aaliafattorily 
represent it j but the outline of PmDt<3r haa been followt<b s’t di»es at ic3st indicate the general ijositioo nf the 
Milky Way and aUn suggests its (complexity. 

{e) Thu Abbreviatien List priutcii in the raorgine of the maps was ueceasarlLy Mnaited. Lfc has Lmb sup^raodod 
by the complete Liat of AbbraviaticiUB given on fiJS, precedmg the charts. 

Mr. Arthur Norton died iu I6S5| and thb editiem eontalne ssvQral ohaEiges which haTB- been inade on the suggeatino of 
Dr. E, A. Baker, F.E.fi^E,r late of tha Royal Ohatrvfltory, Edinburgh. He has mwritten p. vi, oikI mppliod new notes aud 
correcticDS, as well a» the ohort note relative t(5 Radio Astmnoiny on p, 13, 
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■ri 4ST^^0^0MICAL CATALOG CMAI^TJS, t&r. 

STANDARD SOURCES OF REFERENCE. 

(For cioiitra,£;CiioiiK p, vii), 

Wicb ttfl progreaa of aatroTjonij tho staadiird reforenct Bourctj^ Imlcur maj a,t tinie be superceded and 

oew reoflwniaed oojitraottoEia appear, ^ach oLatigLia arc forecast in the trieunial Tt. I.A.U, ; n mote concise at^counL 
of advances in i^troiiouiy is giveu in the Ajai^wo^ M.K-11. A.S^. 

BiljEqajf^ipkj.^^Linira irLa-j of attrimcmiciL pabli-cationfl are giFcn tn Fh^fio* A^itructff Cformer]^ iSciBncf dfijtractfJ (freni 
IS39): BtilifHri (Irocn and d^fneno'm'.EiftfA-d nhihnsbi^i^iht [from The iawt riAmed eontlnnci^ the 

flniuliLiriea m V.J.3. (frciQl 18843). For pabticittiojis prior to ISflA Huiiiaan^B lauHrerMi d'(alronf>W‘ii ia o&cAlL Very oarlj 
works are riouicci[ana roferrod to by Lbeir miSubera- in LijJjuida'a BibliD^fapkii (]803). 

Scar Potitions^—OataJog^uHA of the positions of atain may be dmded into (o) Star Liista or like the Kl> , 

the G.D. and the O.P.D.,. aerviitg purely Tor ideiitiflofttioui j (frj Citidognds formed from oheervatiitviiB neflr ti ain^o CJHJcb^ 
the A.Q, (or A-G.E.l) and the A.Z.; and (e) Gcneriil CaLaloguca, forinaii froTa ohaervationo eitaiiding Over maiiy dBcades, giving 
both poaitiona ajid pn■|f^eT mntinnSr ae the G.t). and the A-U.K.S. From 194.0 iwaitiona and jiropnr motions have been refem’d 
to tbs ayatom of the F.IC.3—the appnreot pbicet of the F.K_ 3 atari piAbJiabod aninntlly in mApp^ifv^Hi F£(tc^ -u/ /Vn^inen^af 
AYari, Many of theae places abjo appear in the variona natiapaJ ephemeridee. Tllie fiiudamentiil fljrtteiLi niay soon be replftodi. 

Pnjper Motions.—Tlioao given tii G^nerid Catftluguee tr* collected tc 103S tn the R,D-L. A Cfiitikffueof JSiara ictih iWptr 
iLr^ift:£tu(f 0''.3 jKF anTtwn Waa ptlbliahed at Luud in ll>55. 

Magiiitildea and Coloara.^The atundard Xortk Folnr (photo) vismil and photegrfl|ihic nLagnitndeR {RA. 7?J)are 

known to ba apprsclfthly in error. Projpawd interim v:due4 are given in Tr.I.A.U.p 37 106S.} 

Spectral Types,—The- Draper tlnsificAtkifi (jjl IBj baa bfxa dcvelapad farther at the Ycrkei Obsscrvatcij. Tho standard 
spectra are gi^r-Ou oa photographic iUnatraticina an JI/ah hy X^mitTt f.mii KeUniaji and do pot lend themselves to 

vorlHiJ deiwidption. A .‘?ystom of cljH4ificatiiju lus si*-? been developed at D.A.Oh based, on tha nieasiircd atr^ngtha of isciccfcGd 
linsH and is reform! to as tim Victoria ayatoim 

Trigonametrical ParalbiKea.—Yala ffj-nero/ of Tri^aviomHrimt- Sttfllar ParaU^upes^ mM, 

Absolute Magnitudes and Spectroscopic Magairndet. Tha Yerkoa and Victoria types give ditiluaKriJ absolute 

mAgnltade*^ and henoBj with an nllowania; for the ab5<jrptiLrn of light in A|iace^ the oomiapotidiog BpcvtroHcopic ikaraliaiea 
■Sc* also-pp. 14^ 17. 

RadisJ Vdodtiea.—Wileun's Gnypral of Aa<^iW rrfocifi'fla, (^!t. W, B, 16,^3.) 

Doable Stats.^Tbn A.D,0^ and the 6kD..S. are iikely to be replaced hj a gcnehil catalogUE baaed, on the tiard catalogues of 
doubU fitars at tha Ltck and JuhaanoBblLrg Obaervatori^ Mootc and XeabaueFa Fifth 0/ ^ptfUrotcopin Binurie* 

(1^47> is iiLko likely tp be replaced ,-^bMtly by s Siitk Gatologne in prep^ratimi at 1>.A.0. 

Variablo Stars.—Kakarkin and ParBuagoi G^iheral CaiidloffUi of rarM.Wff Stara^ ia being kept up to dAtd by the iaeuD 
of aupplemonta Schnalier^a G^*shieh£g und j^uCfniiitr d^f Verfmdi\rlicii^7^ ^t9nw give^ rofereiicea to obsorvatioiii Witli tlie 
iutreduib'tion of phntDelectric njEthedii, work eu tinarwu ia pragpessing raindly^ -and refereajca inuat h& made tn tiie 

rq^rta of CcraoJUfcssEon 48 of the LA.U. 

N^uLa and CfuBtera.—^The m-iMt promiiiimt an Ilatud in N.G.C.^ supplemented by I.C,. {I A H). 

Plan of Snltcted Areaa.—^Information ^fanut tbi fiuntea^ Stara in obtuiued by taking aamplag^ a pracess begun by Sir W. 
Hftrscbel in Lia BOir Gmu^iss (^tar CoiiiatS;^ KAptaya'd; Plan of S^ct^ Anaa compTi-Bes a Fittn of unifoimEy 

diatnlratfld araua^ and a Spi^cial Plan of ozosa flelmted to cover unilBlIftl StfU" disLributLOltA Tbe chief publicaticns are 
j«iui(r.raa^ ^c4ft iSiy#(iT?JUlJ'W ^Sfi^rertsd' AnKu (fJ.A, ]Q1^103 ); Durchmuglen^jt^ ofif^s Special Arsaa (.Eaptayn Laboratory, 195S:) f 
Ml IF*^ii>* Oatali^gui of PhotofrtiphiG i» Selxud ^r^ar Siochholrn CtUal^m <sf ihi Areaa^ giving 

magaitpdea and colours ; and the Per^eJi^ffeT (Xortheni Ah^ah) [Lnd PoisdiiTA (Southeru Areas) Bp^Jttral DurehmiSAtemn^ givtug 
spectral ty|M^ 


Stellar Waveleogths.^—Uerritl'a Linsa of the CAmicat iti A^ironomi^oai tspaatrfif Washingon, 1950, 
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The- charEs by Norton, Beovsr au 4 FranklitE-AJAinB cover tha whoEo aky. The Bonn charts cover thr Northern h^niiopher^^ 
the Cjrdoba Charts from —28" to the S^jutb Pede, and the Kationat Geogruphio Institute-Pftlomsr iaky Survey churt* from tha 
X-orth Pale to ^i-7'. The Carto du. del (Aaifiigraphic Chari) waa intonded to cover tha whole aky but ia iiKKunplel^ Hagtii'a 
Ai I m Stelleirum Variablhum Eb designed for TLtna] obserrstioDS of i§olocted variable 'flie Wolf-Puliaa Charts -oit! uf SIO 

gsLictk! Uraafi, 

The Solar Sjutem.—For the bcputot uf iIm saUr, luusr and pUnetory posidoiKi and aurJac^ oo-erdlDfttea the stiplaoatory 
macter of a natiuniiJ annual ephemerii anch u the N.A. or A.EL ahoilLd bo OOluAilltL'Kl. 

Salar Spectrum^—^ A re-'revieioq of Hotti^ukdf Table of aolar wuvelEngtba ia in proparatieu Phaiam^^ru! ^CinaoTt, 

Mcdd^m and Roiitgiyit(UtKclit)p ■^ 3332 -\*^ 7 Tl ; MLlIath-linJhert, ; MigEotteand otherR fSoc, Roy, Li^^go), 

Lmat Surface,—(Midler fliid BIftgg). A ^ec^^nt map ifi that of Wilkiii* and Moonu 
Pianrtary Surfscea.—S eb B. A_JL Mema. and Reports of the PJanatAi^ ISecEions. 

Comats-—VamAmcto'& fj'tfur/'iif ViymeU (widi aupplMOute). Swings and iiao^r'a H^prt^seniiUkm 

Comeiai-y Speetfa. 

MifloT PianctS-—dn-nw-af BpKemeridta by the Institute of Thoureticuil Astrunomy, Leningrad. (EngEiah tran^tiAtien of the 
Rttoaiau Tflit by Mmnr Flaiiot CoQtzT^ Oiuciimsti.) 
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A.G. AatronomieckD GdaellricilLaft. 

A.J. AatronornicflJ JonruBiI. 

AN. Astrunomiacha Naebrichten. 

Ap.J. Astroph/eic^il Journai 

A. ^ P. Aairanomical BocietT of the Fa^ifk 

B. Bidletin (Prefixed), 

B.A. Britieb Aasijciatson. 

^ BiiBetiu Aatroyoini[^u-e. 

B.A. A. British AatmnomicflJ Asandation. 

B. A.N. BoJlBtiti af tbe Act, Lnat. of the NetberlAnde 
R,U BerljTier Jahrbocfcu 

E.ta.AP. Bulletin de la Sooi^y Aatpnnomiqiio do 

C. O. CiociunAti 0^^se^vftto^Vr [franco. 

C.R. Comptea Bandus {Paria Au^d. BciozhE::^}^ 

C. T. ContiftissAtuse deji Temps. 

D. A.O. Duminiau AstrupbYaical Obfeorv., Victoriai 

D. O. Dominion Observatory (Ottawa), fE.C, 

E. B, Enc^lopedia Brittannis.'a, 

E-M. Eiiglifib MOL-baaia 


Puldk^^G^f Pf Sociei^. 

B.A, Harvard Observatory Annali 
O.B. Harvard BuBetin. 

H.O. Harrard Circular (Harv*CL). 

U.C.O. Harvard Colley Obserratory, 

T.A-U^ ED.A.fc U.I-A, Intrafnut. AHTtra-n. Union. 

J, JonmaJ, to Sodktj nxmovi* Br 4 -k 

J.O. Journal defl Oheenateara, 

L.O.B. Llak Obaervatary Bnllotin (Uck B.J 
M-Nx Monbbly Naticea BayuJ. Afttron, iilcwitty, 
Mt W.p M.W. Mt, Wd&on Ohiisarvatory. 
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Nautical Almanac. 

Tbe Obwrrvnitory^ 

Fublication^ PtnciaKlLn]^.||n-T^T«l BbdieLy 
Popnlar AfltToncmj, Mh F. A .iff,Rk 

PrAB.P. PuVnaof A&troijomical Suny, *F the FSreifie, 
PbiitAopblcal Tinniisoticin* af tfie Boyjil 
R-A^R RojeI ilstroqomLcuI Society. P^wy^ 

1LA.S.C. Hayal AsttT>Tiaiu]cal Society of Canadjx 
tS.A Bciontific AtnericAn. 

„ SfilUoEcd Atcto (Kapiton's), p. TL 
U,0,C. Union OWjvatory Cirtmlom 
VJ.li V^ortoljfihrHflchjdft def ABtron. OeseBflclmft, 


Aatronoraicai Catalogues.^ .Conttactions in ordinary wHe^- 
ayoibob auo &&. 

ndde^fij = AVnaW in ; — 

A.D.S. Aitken’a Dotibla Star CataJogne, 1M2 (hws p. vi)^ 

A, G-t A.O.lLSv AatronomiHch* Gc^iallMtlftft Kafcalog (sen pM)- 
JLZ. Aetpograpbie OataioguRp* to mag. 11 (in progreBa), 

B. AC. Britieb AjaiHiiatioii Catalogue^ apoch IB&O IS45)- 

B.D. Bonu DuxebrnuHtamng (A r^dand^fr) to 111 %, 

oftended by Schiinfinld. f1863) to 23“ South Doc. 

B,G.C. BnmbaKU'ii GenerAl Cat^ of Doublt Static 
Br, Auwer's reducitLon of Bradloy'e Obeen^atiotiB. 

Brta or Br Sir T. Briabtfine^a CAtalogue of Soutbem StaRj 1EJ^. 

B, B. SeblMingnr's Ckuldgue uf Bright Stm, 

C. D, Cordoba Durobmiiaterung, S2." to 32.“ R [(^ou^c^ 166^ 
C.G.A CftUlogo Qoueral Argentino, 32,443 Bontbem Stais, 
C.PD. Capo Photoffraphie l>urclimnFi 4 opnng+to inag. Sp 19" to 

90'' South iJac. {Gill and l&ad-lflQ3L 

C.K, Cordoba Zona Citt. of South Btarap Noa. m aotpesof I>ea*^ 

£-B Espm'fl edltioia of BirroiJogbftui’s Gat, of Rfid Stars, 18S3. 
E.B.L, Eigenbawcguni^ l^exilion {Ifamhirrf Ok.) of sdl known 
FK 3 Drityr FiindiiniaB Lftl EataSog (p, tL]L [proper niotiomiL. 

G.C. Bosa'u General Ofttalogue, epoch 1&50., 

G^F-FL Qeecbiiihte dea Fiaeternbimmolfl, aw |XTi. 

Qr, GrooBflbridge^ii Cat. of Circunjpciljwr Stara for 1310,1336. 


The lutteis Sim ofteu used withfuit points, Fot Obseirora’ 

f7onfra^w». nawkr =Axwftkrt'H;— 

H. D. Henry Draper C^t, 181fl-34{Tolfu, 81 - 9®, Har^aid AnnAls), 

IL Ph HafTfflrd FhoConaetry 1684. (B. A. yoL 14). , 

n;lt (alao fLH.P.), RaviHsl HarvSrrd Pbotometiy, 1906 (i?oL b0+ 

I. G. ludei Cntalogae, Mtendoo ofN. G.C, inoA1606. -A. >1 

Las. Lacallle'B Catalogue of Southern Stara^ Epoch 17&0 

pnbliabad by Ibe BrlEisb AjaoctatioD, 1647. 
lilor Lai, LftEaude'3 Ca^ Fpneh IfiOOp pub, by the B.A^r 1637. 

M, filcfesieF* Calatogue of 103 Nebolp A Cluoters, pub 1784. 

Reprinted^ Obi,, Aug. ISIB^ and Augn I8l7^ 

K.G.O. New GenernJ Catalogue (of Sir J. Hersebars Nebulae and 
duBtuTHt j&rryifr), IftflS. Vol. 49^ Memoirs, B.A.B, 
Q,A- Oaltzen's raduictino of AlgelfUider^Q ZoiJre OLgorVationa, 
P.D. Potsdam General Cat, [ Supplementary voIil, P,P,D.p &C.} 
P,0,G, Preliminniy General Gatalogi^e offlJ 3B atarp (l?ow)p 191 &. 
Pi, PiaEsi’a Star Cahp epOtb 1800,1803“14,i' 

S-D-S. Southern Double Star Catalogue 
St Stnne'a Capo Catalogue for 1 600, or Fafiolifib Cat, 1890. 
W.B. Wei 9 ae''g red unticn of BeasaFs Zones, oqulnoi 1825 j Nus. in 
W,Z,C^ Waabingtou ZodiscaE Cat, ISHW, 1020. [bra, pf TiA. 
U.A, Uranometria Argentina 1879, 

U.O, Urauometria Nova OxonienaiH (Pdtdiiiffdjy IS05, 


* In Ehip rv**’ tb* itHiE ia jtatad m A'flll a* dw numlicr: thua B.D. 4'13“ iiiflaiii itar No^ 2302'in tbs 13 zoDfti, ec«rtb Dec,, na the It.D^ 
t- Tbs nqmberiEi^ sa&w in each JinUr d it A.j Lhu^ 133 Jaatitw hIjj Na 123 lb tbo spucie nf fib, ILA. 
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dSTROJ^OMICAL TABLES. 


BadQ'$ La.w.—Taking Mercurjf- Aa 4, oddifi^ 4 bo each term of tht goomoferieal Mri-aa 3, fl, !£, 24^ At, theapproximafe* 
dkatuncefl of tlie ptaDeta up ia ITfinua, hut qo4 N'eptuiiQ’a: Plul50 ht near tbe pcBiticn Neptane should oecupy r No Kfta&u it known 
for thit curiona ralatitm. Bode pemarked that &■ plaiiot -* 0 * tnlaaing at the dliat 4 inM where the Mteroiia wiire dist^o-rared Later 

Plan** .. Vnnu* E*rth Mart aittrfridi Jupittr Salurn U^^anu* ^*ntun« P^lwlC 

Omietrieal Seri^i 3 A 12 2 t ift Sfl Iff 2 384 7 flB 

4c^ .... 4 4. 4 4 4 4 4 4 4 4 . 

Diat. fr. Sun^ Bode 4 1 * Id j &2 lOd liS SSs 772 !TI TT’ 

tf Actoai ..p 3 ^ 7 *a lo iS'a 5 a 95^4 ipa 3^11 395 

Albedo of the Planets- HunaelPe ^gnree are for AWi-sdo {aomewbat dittbrent from I-smbert'a origiiial detimtioii 

Da p. 7 : see Ap. J., toL 43^ laieji 

VarliiB EArth Moon Mars- Jilbilt«r Balyrn Uj^hya Ncbluna PIuLb 

CloydB 

■e&--72 

efiaw 

’70-79 

Satdpn's R.iti(fs.—Appptuinjnte 4at« of Efwtb pMqin^ (be ring-phne; and Satuni’a helSocentrifl longituda. Dates not 
** O'* " Are mini'EQA ^ the £artb did aot quite paiw the plane of Lbe ring in though extmiaelj near doing ao, 


Albedq;-^ 


VarliiB 

Emrilh 

Moon 

Mats- 

■lilti'lt«r 

Bilyrn 

U/iihya 

Ncplunv PIuLb 


(Zollnw. 1^9) 

... ^13 

BO 

■ ■ ■ 

17 

■37 

■62 

■52 

■64 

■46 tyi 7 

B B4. 

{Muller, iS^Tj 

... -14 

76 

-30 

■13 

■12 

■S3 

■72 

m 

'5S {Kuiper 

er# 

{BusBell, 

-07 

-59 

‘45 

^7 

ns 

53 

“63 

■03 

■73 1&.&U) 

+ + + 


i>d£# 



^{4 fol. 

ionjf. 

BaU 

iaL 

Dat4 2 a£. leny. 

1907 Apr. 13. 

O' 

349" 

lagONor, 7- 

0 ' 

167^ 

It 1939 Jun. 38.[-)-0'} 346' | 

1 1949 Dfer. 26. -r-5 SIT 

p^ Oct. 4. 

0 * 

3&r 

1931 Fob. 23. 

9" 

1S3' 

J93V Fsh. 21. 

or 344* 

19150 Sept. 14. 0" 334" 

1909 Jan, 7, 

0 " 

358* 

„ Aug. S. 

0 * 

199" 

]| „ Nuv.iS. -2J" 4" 1 

] 1951 May 25. +1 “’0 357" 


Parallaxes:—Sun, Adopted at Psaia CkiafcrtrkCE, lOIi. 

Moon, kuri^utal parallax., at mEan duFtance, 67 " S"*'?. 

Asteroids (approxinoAte maxim (.IDO,). i?ra*f 7^^ 19S^ E.A.t 4.\ J 

Stars. The patiillaxea of eeverid of these ara given in Ehe Tables of the Brightest ATid Nearest Stam on page B3. 
^Planatary Colour [^tdioes, A-Ci—“ Sun's K&dJirtian ^ givEa the ftmoimt rot>eircd par unit of atlvl 

Morpupv V#nMI £*rtft Moon Haj-r dyeltet^ Ur*hi** N^i^Lyno PlutQ 

+ 1'^ +r-4fi +0-93 +D22 -bO'B4 +... 


Colour ind-ax (Sun Q'72) 
Buel'a HAdiatieii 


" 1 “ -I- 1 --I 
6-6 


+ Q-9J 
19 




l-O 0-43 0*04 Q "01 Q’DO^. 04301 


0^67 

0-0003 


Veiecity of escape, kTn/ 0 ecs, 3-6 10 -2 

112 

2-4 

5-0 

60 

36 

21 

23 

31 

r 

Stellar Colour Imlfg^s.— 










qf StAT. . 0 

BO 

AO 

IfO 

GO 

KO 

M 

M3 

No H 

3 

C-bIouy Index, Giants. ., 4 i 

-0 32 

0-0 

+tr3s 

+ 0-96 

+ V43 

+1-83 

... 

+S’5 

k BB 

do ... Dwarfa,,, 

-0 32 

OO 

+030 

+ 0-72 

+ 0“e9 

+ 170 

B B B 

■P4 +iB 


Heat Index (averagaX in M&gnitisdes ... 

- 0-1 

0-0 

+ 0-3 

+ 0-7 

+ i-a 

+ 23 




Surface BrigbUeix, Gionls ..., 

-3 2 

-23 

- 1 <> 

+ 0-3 

+ 2^3 

+ 4-5 



Anm 

do pp Dwarfe..., 

^ 3’2 

-2 3 

-lo 

0-0 

+ 1-3 

+ 3-9 


^ 1 ■ 4 i 1- 



NoTS 3 ,^irany so-called New Stars Lave }>een JNtourded in yejvre praviouB to tboee ghen in the list below Thus the 
fippear&Qee of a oew Eitar about the jesr l-EfO b.& ia said to ha^e led Hipporrhue to nutko hin e&ulogue of stnra But ganerally^ 
tba old records ara Yagne and ladetinite, Aud^ iq soiae ca^ees, Hudoubtedlj refer not te Norw but to eomota. 

Modern Nqvp—Only the brighter Nova aj^e indceded in this 


Y*iif 

Zf-oni^ Mhf 

n SiriHvx. Q4.1 jii^- 
iJ Efuiii, LsL 


l^tknuta 

Aa. I D»S 

1572. 

CMeaopeLO^ (B) 

> I 

y 88 * 

+ 2 " 


+ 63" 

63' 

1600. 

Cygui Na, 1 [P) 

35- 

43 

+ 0 

20 

iO 

+ 37 

52 

1604. 

Ophiuohi No. 1 

>1 

332 

+ 5 

17 

S 8 

-21 

£7 

1670. 

Vulpeculge[n).,. 

3 

31 

- 0 

18 

46 

+ E7 

11 

1S49. 

Ophiuebi No. 2 

5 B 

335 

+ 16 

16 

B7 

-12 

49 

1900. 

Scorpii (T) 

7 

321 

+ 18 

16 

14 

-33 

31 

1966. 

CnnoDm (T) *,. 

2 

10 

+ 47 

IB 

57 

+ 28 

4 

1870. 

Cygni No. 2 (Q) 

3 1 

58 

- 8 

21 

40 

+ 42 

34 

l&SB, 

Andremed® (S) 

7 ! 

89 

-21 

0 

40 

+ 40 

59 

1887. 

Persei Na, 1 (V) 

92 

100 

, 4 

1 

ss 

+ 56 

29 

1391. 

Aurigffi (T) 

4 5 

145 

- 0 

B 

29 

+ 30 

25 

1893, 

Normfl (HJ 

7 

29Q 

+ 4 

IB 

29 

-50 

25 

1S95. 

Cxrim® (ES) ... 

9 

1 S59 

- 1 

11 

0 

-01 

40 

1895. 

Centauri(S) h,^ 

7 

2B3 

+ 28 

13 

37 

-31 

ss 


SagittAfil No. 1 

4“7 

350 

-LO 

18 

59 

-13 

14 

1898. 

Sugittaril No. 3 

8'5 

335 

^ 9 

18 

17 

-25 

13 

1899. 

AqvtlljE No. 1 ..p 

7 

4 

- s 

19 

IS 

- 0 

U 

1901. 

Pnraei No, i 

0 - 0 , 

119 

- 9 
+ 13 

3 

26 

+ 43 

24 

1903. 

Geniiuorum No.l B -1 

153 

0 

41 

+ 30 

0 

1905. 

Aquila^ Nc. 2 ... 

e 

359 

- 0 

IS 

0 

- 4 

31 

ItJTO. 

Sagittaiii Nn. ^ 

7'5 

33] 

- 3 

17 

57 

-S7 

83 

lyio. 

lAoert® No. 1 

5-6 

71 

- B 

22 

33 

+ 53 

22 


lES T^t. 

dL.[K 

IGIO. 


19 IS, 
1913. 
1917. 
IB 19. 

leia 
ipia 
19m 
1925. 
193-4. 
imiir 

lese. 

1836. 

1836. 

1942. 

1949. 

1950 . 


SdTfe.a— Miip. 

Aruj 6 ^ 

Geminenira. No.S S'S 

SagitEffi 7'iB 

Ophiuuhl No. fi 


Aquike No. 3 

Opbiuebi 

Lyr* 

Cygni No, 3 

Pictoria (RH) 

Herculais 

Lacertffl 

Aquiilifi- 

SagittArij 

Ac|iiil90 

Puppia H 

CoronsD l^T) , 
Lacertse 


-0-7 

7-5 

6- 5 
I'S 
1-1 
D3 
2’0 

7- 0 
4-5 
6*0 
04 
3d 
0-0 


Lod#. 

302' 

153 

IE 

321 

I 

7 

27 

85 

240 

4D 

70 

3 

325 

11 

231 

73 


- B 

+ 16 

- 9 
+ 9 

- 1 
+ 12 
+ 11 
+ 12 
-25 
+ 25 
- 1 

3 

- 8 
- 6 
+ 0 
(See 
- fi 


b.A- 

m 37» 


3BW. 

Tim 


9 

20 

TO 

IB 

10 

IB 

19 

6 

19 

sa 

18 

18 

19 

B 


B 2 

B 

50 

43 

11 

B1 

S7 

35 

7 

14 

15 
5 

24 

ID 


yr. 1968 
33 4B 


Ftohl a-bMiratkiiu of £™. ieoimil iLt Df IIBI, tki« v&]qt \m ± (h* JI.A A. Hkcdbcol: far IHU 


- 52' 30' 
+ 32 12 


+ 17 
-29 
+ 0 
+ 11 
+ 29 
+ 53 
-82 
+ 4& 

+ 95 
+ 1 
-84 
+ 7 
-35 
above) 

+ 53 2 


32 

33 
33 
35 

9 

29 
39 
5 ] 
S3 
33 
21 

30 
13 











































JfOM£yCZATURE, rfc. ij 

NomendiitiirQ of Minor Planets, Variable Stars, Novsb, &e.— Systcma that anawcrod well ia the early 

diiooTgry inevitably tend to become inadequate or imwioLdy aa diiiooverier iacre^ise, and frooi LitnB to 
tbey Lave Ut be rc viisd. Th« following ModlfieatioiiA have beefn mado in the origiDal tyiteniB. 

Uioo-r Plancta. Each new dt^very, l^fore the Dumber and dame ia (p^33), temporarily AMi^ed dlatinctiTe Homan 
lutteni, AB not inrruqiiQutEy, a aoppoidd n^w aetemid proTas to be idimtical with odc aireody knowa, Origin&lly a ain^lt 
lEttflt attlfifled, and tha year j but in 159^, the double form A A to AZ, BA to BZ, &c.^ waa introduced (I being omitted), 
tbifi DffW series being cantinuod rijht on unti3 ZZ reached^ inataid of beginning tbe nlpbabet afre^b each ya&t. A 
ft^codd alpbitiet was begun in 1907, trith the year <1607 AA, &&>, and a third in I6TS—ternpinated with UA.j Dm. 31, 
163l^ when a new Byflteiu waa started tneualiie belated di^v^;rlM to be inserted ic approiiujAtcly their proper plaoa. 
Under the pFUsoiit uyttam of temporary DumcnclaCure, the douL-le alphabet begias afre^ih eaoh year] the diacoveriei; 
ef Jan. Ids are AA_, AJB^ AC, Ad;; of Jon, 15-31, DA, EC, fl£C,j of Feb. 1-16, CA, GB, Ac., tbe year being added in 
each C4«s; if Jaore diBcoyarieB than 26 m half a month, AAi, A Bn Ac. Minor planets are in the rare of tho Bochen- 
Inqtitnt of Berhn, which attends to the nunibe^n|-, &c. When onaymboa'^d, the orbit is not suMotently oertain, aa 
1932 HA, hut a nama may bo gireu, oh it ia tnorB conyanient for referunct (Annual aurnttlAty iu Jf.AT., February); 

Jan. A^B j F«h. CJ}; Mar. K,F; Apr, O.H ; May J,K ■ June UM ; July t7,0 ; Aug. P,Q:; Sept. B,H [ Oot. t*U j Noy. V,W ^ De^.S, T. 
Vatiabk StKira. Argelander designated those not othorwiBe lettered or numbcfod^ ia any oossUllatioD, by the Roman capital 
LatterSv B, 3, Ti U, W, X, Y, Z. After Z, the double foroi RE to HZ, EB EpC BZ, "FT to TZ, and so on to ZZ, was 
uaed-i which provi-dod for yanabie atara in any ■DODstcllation. As that number pixpved iDaufflcient, A A to AZ, BB te 
BZj. and oq on, was eDiployed, J being opiitted. The eimplaat ayatem, which danntca the Variableii of each conetellatiDn 
by tho ilettor V, follow^ by a number^thua Vi =3 H; V 2 = S; V&4 =^ZZ, Ac., ia to be used from when QZ ia reachefL 
are aadigned whan the TariabiUty is oenArmod r proyidonally, Noyff and ordinary Tmiablea ora new designated 
by a number, year, and oonataliittion. Nova AquJtn 191S baing T.191S Aquiloa, in the ‘rorlabla' disooii^ries of ]616^ 
Novae. The older Novtia aru dssl^ated by tbe cdustdllaticQ and year in whicis thsy appeonMl, thua, Bcorpii, 134 B.a: 
aoma haTing also a *|iopalar' lumie, u Aepf-fri ^StUr, T^?w'w St<Ar, Aa Modem Novs WC}^ lilimilArty doslgnaNKl dlJ 162&; 
if more thiLQ ODC apj;peared in a cooetsllaiion, they wc^ 1 :^ numbered successively 1>^ IL, and AiO UU, of that ood.- 

stellatiouj in order of disoovory, difvregsrdkng the No™ befora 1&72. Aa many Noveb were only diacoyoraii yeara after 
tboLT ap[>earanca, whan comparingsLaf pbotogmpbli of the same region taheo at dldGreat times, thia anmatimcs resulted 
in the numhera being out of order os regards data-of cfppm^dAM \ tha nomenclAtUT^ wdiS tberefoire altered to cojistALlAtion 
and year, with the date in tentha of a year, if mere than one in a year. 

Prinujy and Secondary Stara.-»-The brighteat ator je A, tha companicn or •eompamona Ac., as SCrCuM A Br 
Cometl. —Entirely new cometa are usually mimed after tbe disccTsrwr, adding Lbs y^&T, M Dcnati’s comet, 1353 . 

a, Cinaat b-, Ao., deDotes the 'dret, Bwond,... , comet cfijftwarjd that yeoT^ whether new or olreedy known. 

CVfTEffl /, C&ffift //, Ac., „ „ ,1 , 1 , Ol that year, ditte 


Some Terms occy rTing: in AstronomJeal PaperSp 

Errors of Observation.—Tbeso are of two Icmds ^ NSTy^fflfliafw Errt^r* OJid A^dmtal (bm pAga 7, Tho 

foriBer oTfl dateeted by observations repeated with dLSbront mstraments, io^ or by comparioon with nastilts obtained by othsi' 
methods ; thfl lattm* orrurs are erratic^ but con be eetimat.ed by alisJysis of tho small discrcpftncies l^tweec the mdlyldual ob- 
BoryatioQS of a serisa^ or betweofl oheen'^ and calculated valuea—which discrepancies or diflcMDee* art known aa EeMui\i^. 

Thfl Probable Error fP.E.), of a sf riee of obwrTftEJonfl U a valne derived TflAtbematicfllly from these rertsiduaia; it afibrdj an 
cudei to tbe reliability of the. figures givoti, olid is pftiiied by the aign ±, whkh meAiiA that it io on even chsjioA whether^ by ths 
amount of the pfobablo emtri the value given lb griaAtor, or leuB. Thu smnJlciF tbe probablo error, tbe greater the reliability. 

lUfllJlOd of Lea^t method uacd to ascertaiD the most probable mean Toiuc deri vable fn.uil a number of diObTent 

obi^ryatioQflu It is baaed on the priunipU that the ■ WEighta^ (degTEe of aocnracy) of o bam rati ona, with different prtibaMo trrora^ 
are inrerMly pruportional to the Jiquitrea of their rirobsble errors. 

Interpolation j Eitrapolatieii.—la the prex^BS of dDdiDg vftluea for dates, boure, quantstiaa, Ssc,, interroEfdiat* 
to thoE* gEVEn in a TftbLe, For ordinary purpcdjca, the pitsportioiiitl uifioujit of the dilferetico betwesiL tbe figuraa for the two 
iioLkTUitt dflt^ quantltioi^ Atk, usually snfficaa, it baiog aasuHiEil^ for simpheity, tbit the change in the inEervaJ is uDifoinn; a 
more accurate ri-I^ult, Lieeful when moximUTn -or Triinimum oociua between the dates^ is obtaiued by plotting OU squared 
wreml auooea^ivo datoo, or figuroa, oq f^h eide of tbe one net given, and drawing a curve through these points. 

Exirapctlaiitmj a simitar proceaft, extends a «erie» of ffgurea beyond the limit of tbe Isat figure actually known , there bsing 
only ono limibEng figure, however, it Is lam aimple thAU intcrpoktioiL 

QontT^tfld Notation smploys the factor *\0y with ■uTriftH index figuces, to exprOas- large numbers iu b em^l apacS. The 
indsi :dgures may be takun os indicating the number of ciphers to be added after the b A mtn-uj bafore the index figuraa indie- 
atesa fmctiooul mimber, via.^ i divided by tliAt cumW;; thiw lO“*="l/l,OW,f)(Bth or ‘OWOOl, ttum which it appeora that sm-lViuj 
L odoi ftsuresohow the pcsitloii, ci/f«r the decimal point, of tbeffret iignifioflat fiyujte of tho docimal fWiCtdoo, the Qnmbsr of eiphera 
before the I hnlngimtletf than tbe index number. The following am Oxauiplca with decTunaJ factors:— 

1 -33 5^ 10*=. I -35 K 1,000,000 or 1 aa X 10* = 1 ,S3Q,0oa 1 i23 x 10-*=. 1 ^3 X ^DOOOOl or 123 X ID-" = 123 X OOOOOOOl = <K)000123. 
Note to moke the Ibdeo; of the 10 aucih that the figure bsfore tbo dasimaJ in the other faetor is I ro P on£y; thus 1-23 K10* ia coimct, 
Dot the 123 K 10* illustrating the world o-g ; the In-dex of 10 {both + and —} ia tbei] the' cboraoterUtLc ’ of tbe logarithni of the Nq. 
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17000 

18000 

19000 

20000 


306O0 

32400 

34300 

36000 


'CL --r. 

21000"! 37&TO 
22000‘39600 


23000 

24000 

25000 

SaOQO 

230jX( 


414D0 

43S00 

4&0(X) 

46BO0 

50400 

54000 

63000 


-It 

0 

100 

200 

235 

ZT3 

300 


60000 
35000 

40000:72000 

iSo F.* 


2731 “ 
-173-280 


500 
1000 
1500 

aooo 1700 


2271 441 
727^1341 

1300:2200 


2500, £S00 
300012700 
350013200 


3100 

4000 

4900 

G80O 


-73 -99 

"la 0 
0 +3S 

+27 +61 
4001+127 +S81 

The Oreek Alphabet, 

|>ttgr Kuu Liftw Samn 

^ Alpha ... A -I Epsiloii 

/S Bata ... B ( Zata 

Y Ijatnliia a.. I’' 7j Eta 

I t>6lla A $ Thct* 


4000 

4500 

5000 

6500 

3000 

3500 

7000 


3700 

4900 

4700 

6200 

6700 

8200 

8700 


6700 

7800 

8500 

9400 

10,300 

U,£00 
19 100 


T5O0 

BOOO 

9000 

10,000 


7SW 

7700 

5700 

9700 


11 ^ 000 : 10,700 

12^000; 11,700 
13,000 12 TOO 


13,000 

13,000 

15^700 

I7fl00 

10^300 

ai^ioo 

22,900 


14.000 

15,000 

13.000 

17,000 

19,000 

19,000 

00.000 


13.7001 3i,700 

14.7001 £8^500 
15 700" S8.3O0 


16^700 

17^700 

I6J00 

10.700 


30^100 

31,800 

33^700 

36500 


25.000^24^700 
30.000! 20 700 


36.000 
40,000 
45.000 

50,D0a 
50,000^59,700 


54^700 

39.700 

44.700 
49700 


44,500 
68,SW 
32^600 
71^500 
@0^500 
09,300 
1(7,51X1 


Tbi ameil letters iht» a* tba latt^ tJbt npiOtli *p. th* rig’ht. 


.._ E 

... Z 
... H 

... 0 


Lvfitir T3ftisi 
E Iota 

K Kippft 


Lambda 

hlM 


I 

E 

A 

E 


KiiIdi 


L^^tnf Nusi 


Lilhr Ifuit 


V 

:)fu 

ee* K 

p 

Hbo 

P 


Phi 



Xi 

...® 

cr 

Eigma 


X 

Chi 

... X 

, 6 

Omiccreoae* Q 

T 

Tan 

Zt 

f 

Ptei 

...'F 

1 V 

Pi 

... n 

V 

TTpsilqii 

a.. Y 


Omega 

... n 


Degrees equivalent to Bight Ascension Hours and IHlnntfts:— 9et Tahi* on pag* is. Deolmals of a Degree, n-i*. 
No. of SecDQiU of Are: in VSOO.OOCf-; in r, 5600“, No. of Seconds Of Time: in i day, B«,4Cl0eec j in i hour, 8600*. 

B. hTdrogeo; Bt, hctimn; 12^0, wnter; B, nitrugea; 0, owygEn j owbenic acid, 
aw'" 3»‘ *£»■ fl -2»‘ -150' -tM* -so' trc. +se’ +««*■ 3®' 3®‘ 

24 a 2-67 see B. 036 0-33 0'33 0'14 Cl"49 0'63 067 0-64 0'71 0 7T 

;“fB 1-fiO 2fle a O'M 031 0‘37 0-42 048 0’60 OW o-fil O'07 07S 

O-fla O'fiO 0-07 II CO, O-SO O-fiB O'Sl 0 36 0^8 0'4S 0'45 O'61 0'57 0'8l 

Ionisation Potentials.—Tie awr^nd ralna i* tbe reltege raqiiipod to rameve a wwnd Hliwtroii ; it dffim widely . 

Tolta. 4'3 asi SedSuni. 61,50: Lithiuic, 6 4, S6; CBlciuin, 61,13 ; Titamum, G-tk, 14 ; MagnwiuiD, 7fli 16 ; Iron.fl’a, 13 ; SdiWD, 
O'S, 18 ; Sulphur, 10-3, „.i Carbon, ll'S, M; KjdiogBn, 13 6 OsygEnjlS-e, 39} tfiiro(pa,14t, 30} EetiLun, S4'4, 64 {sea p.S4>. 


Velocities of io Keu-'bbcw 
- aqa^C. - 150 ' - im‘ - 50 " O’C. 4 SC' 

jff. 0^5 I-33 1-48 1^ 1'84 2*00 

Ei- O'tiS 0-&e 1-04 V18 1-31 F42 

^aC?th32 0'4S 0'49 □ 58 0 82 0^7 


ZCQ^ 
S16 
1 63 
072 
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dBTROXOMICJJ. TABLES. 


Sunset and Sunrise.—Thci tiia* tmea Alightl^ from joar to Twir, bait tbe SoDset TMa oppcMitfl will ^Te bbe Anpmait 
o-r Trufi (SundklJ duas of both Sunrat or Sanriae within a fow In both Kortbom and So^t'hwT^ ktitudea. 

To hod tho ifiMin Titub aqurralent^ add or ftubtrAct the EqmatjciD of Time (EJ giToo in ems-ll flanrut A furthoF mrrtction 
is roquirsd for longitnde, of 4 TOiontw for aiob doj^rea W, or E, of the StAUdard meridian—added if anbtraokd if E. 

Sunrise,—Subtract the time ofSmiMt from hm Omin., and adjust for EqcwEien of Time, and iongitudo, as for B-uokL 
i aumme on May 35, liL long. 4" W* of Std. mendiAy^ ia at d m (ISk- 7L 35 ql, - 3m. Equation, +1 Sul for lonratude). 


TTjua 


and Latest Sunrise and Sunset, in di£tenut Nl Latitude*. TTam ars t-wo * «srli*ila' and * ia tow latitudHi 


Xil£»i£Etifo 

or 

(r 

10* 

10" 

w 

30" 

! 3B" 

40' 

i 45* 

1 W 

Riamg. Earll-nt: — 

Kar. t 

Maj 14 


OvL 11 

JuDe 7 

JUUB 11 

Jauf] 14 

JuneIG 

June 17 

* June 35 

k.m. 


5.53 

AJfT 

5.48 

5.20 

453 

4.45 

A30 

4.Ji! 1 

3.50 

p, Latest ^— 

ftlk 12 

July £S 

Aup.Si 

Jan. 27 

JSEL Ift 

Jon. 1 i 

Jau. £ 

JsD. 6 

Jau. E 

Jada. 1 

km. 

&U 

6.Q3 

5.5L 

8.23 

5LS6 

6,57 

7.09 

T.22 

7.50 

T.n0 

Setting. fiuLLM4- 

XaT.2 

m*tu 

Not. 17 

Aw, 10 

Not. 2S 

Ddc,! 

rfoc, d 

D6t,3 

Dm, 11 

IS 

p.TD. 

^4“? 

S.D 

a35 

8,10 

5.1fi 

AO 

443 

4.35 

A18 

3.58 

ti Lntvit ;— 

F*k, 10 

Ju]y2E 

Julj 12 

Yap. 17 

July E 

July S 

JuuB 90 

Jiuie £6 

JuuaS?' ' 

Jane 26 

p.iik 

Aie 

8.10 

6.25 

U.1I 

8.^ 

L5 

7.ie 

7.33 

7.51 ' 

d.33 


Sun'a Longitude, Right Ascension, and Declination, at ok. 


19 

l>m^ 29 
ft.26 
Dk- IE 
3-32 
Jim* 25 
fi.43 


eo’ 

Juual^ 
2.35 
DaiL 23 
%iA 
D«l 17 
•ZM 
JuDa24 
@'2S 


Dib 

1 

TLA- 


EhkM 

liCOll. 

iLk 1 

1 UUl 

UkU 

Lroa 1 


1 Dw- 

Dmt* 

Jjafcf- 

n-A. 

UMl 

1 Dwbi- 

. 

h h. A. 

Jau. I 

1 260“ 
1 

■r + * 

-S3" 

Mar, 6 

344* 

S3b| 


May 33 


iLIu 1 

+ 20“ 1 

Aug. 2 

190“^ 


+ 18^^ 

OcLlS 

aw 

■ ■■+ 

H 

284 

1911 

23 

H 11 

3SO 

4..i i 

-4 

„ S3 

61 ! 

4h 

EO 

,, 5 

132 


17 

PP S4 

aio 

k’T* 

H 11 

' 290 

... 

22 

„ SI 

0 

345; 

0 

Jujifl 1 

70; 

... 

SS 

„ 13' 

140 

1 "4* 

15 

n S& 

215 


., 16 

297 

20 h. 

SI 

W 31 

10 

... , 

+ 4 

., ^ 

76 

fill 

23 

tt 2J 

U7 

101 

IS 

N*t. 3 

220 

j I4k 

- SO, 

^300 

■ bW 

SO 

Apt. 6 

16 

lli 

6 

n 11 

00 

... 

S3 

„ 94. 

IBO 

... 

11 

. 10 

227- 

iBb 

„ 30 

310 

hvi 

IB 

.. 10 

20 

... 

8 

, „ SS 

90 


254 

Sept. 8 

ISO 

... 

6 

„ 13 

S30 

44'ri 

F*b. S 

31S 

2lh 

17 

- SO 

30 

ilB B 

11 

July E 

lOQ 

hv + 

£3 

» ? 

168 

lib 

6 

.. S3 

£40 

+ + ■• 

„ 9 

820 

... 

16 

„ 23 

32 

Sh> 

IS 

0 

103 

711 

£3 

„ 13 

170 


+4 

ril 

242 

10'' 

n 1’ 

3E7 

22b 

12 

Maj 1 

40 

■fcvi" 

IB 

^ 13 

no 

... 

£2 

« 24 

180 

12b 

0 

D«a 3 
e 

EBO 

i “7 k 

„ 18 

330 

... 

12 

« 8 

47 


17 

r, SI 

118 

8 b 

£1 

Oct. 3 

190 

. L. 

-4 

.1 ^ 
H 12 

Smu 

280 

1 i tt 

Utf. 1 

340 

... : 

-8^ 

Majll 

50 

•■ + + 

+ie^ 

July 33 

. L20 

... 

+20^ 

Oct, 10 

196 

lai^i 


Dts.Si 

270 

igji 


Intermediate dates; for H,A, add 4 mlnates ^ day. 

-7“ 
1] 
13 
15 
17 
la 

31 
29 

-S3 

23i 


Slab 

Jrjl ] 

.. 7 

B 

12 
lE 
13 

Jad. 34 


Equation of Time*—Mean Ttme ± tbg minutes in the Table 

_ na VI Wl-mmj. Vi Bk—■ _ v ^ _ i. _ . 


Jen. 

»» 


-3“ 

4 

fi 

d 

7 

e 

a 

10 

11 

-12 


Dab 

Fob. 4 

„ 1* 

„ so 

„ S4 
» 2? 
Mar. 4 

si&r.ie 


Eqik IbM 

-13a-NMar.20 


14 
14j 
14 
I3J 
13 
12 
11 
10 
- 0 


H 23 

n 

» *8 
Apr 2 

H 8 
.. 8 
»1“ 
» 18 
Apr.SO 


Bi 

7 

3 
5 

4 

3 

3 

1 

0 

+ !■ 


Dm* 

Apr:H5 
^Tay S 

- f 

IS 

.. S3 
,.S8 
Juo- 4 
18 

„ 18 
JumlB 


£0*, 
+ SS 
3 

34 

31 

3i 

3 

S 

+1 

0 

- 1 “ 


l>aka 

.lutl.34 

.. 29 

July 4 
18 
-t” 

« 19 
, 

Aug,fl 
. 18 

Aug.ie 


«2fi. 

3 

4 
D 

6 

Si 

6 

5 

-4i£ 


True or ^eundlaJ' time. CldrJc Wore Sun 

DMA Dil* Ega Ekb J:<th. 

Aug^SS -an- Sap.22 +7 bH[Ncit. 4+161 


„ 20 
Bep. 2 

« 

. 0 
,. 11 

.. 

. 17 

Sep. 19 


I 

0 

41 

S 

3 

4 

5 

+6»‘ 


QcL 1 

pp 

a? 


3 

IQ 

11 

12 

13 

14 

15 


OnL 27| + ie 


4 

11 


pp 

Dm. 1 

pp * 

« - 

Dec.» 


161 


Id 15 


14 

13 

li 

11 

10 

9 

+6 


HMfl 

D*C;11 

.p IS 
Dc!C:.20 

.p fii 

P, 

PP^ 

p. 

Dm.30 


after, 4 ^ 

+7*' 
6 


Angular DLstaa^es on the Star Sphere.—The funorwing approrimAtioue are couetitiieat for rough eatimatoH; otheie_ 

eaaily be madB up Irom the star chart*: the degrees are thow of a ' great drele,* m of Deelicatlon, or thnee on the Cideatial equator. 


5 

4 

3 

3 

+1 

0 

-fm 

can. 


>- ths mi^uIat diaiuetfir of the Moon (appmi. 

IJ* = tia t Orionta t or ^ to X Cruois 
g' » * to Y Aquilffl j or a to BeoqpiiL 

The Star Sphere Mntaini 41i253 aqujtre dEgreea, 
Approximate Galaotle Longitude emd Latitude at isertaln Stars :— 


« u to ^ Aquilii} j or <1 ta a Hoticnli ..- (approi.)^ 
4* ■■ n. to Cam* Mmorifl ; or a to ^ Cruci* „ 

B* ■■ SI. to ^ Crsai MajyrU ^ or a to ^ Cfiotauri 


PoQB. Lak. 

3-+2r 

£0" + 35‘ 

3r+i2^ 
35" + lB" 

4fl‘+ r 

53“ + I* 
&&* + 40' 
65^+6fi‘ 
7&>4r 
7&" + flS“ 
ar-hBi" 
86^-81- 
fifr + 27" 

ei"- r 
e8-+6cr 

10&' + 52“ 


Opbluchi 
Qoronn 
Aquibo 
Heronlis 
Lyr» 

Ljt» [ r<!^) 

CygQi 

C^gDL 

Dreconi* 

« Craai 

p Draw Min. 
f tJrsw Maj, {J/isar} 
f Draa Maj^ 

Ceti 

a Ursa SLio- {Folaru) 
y CftMiopocffl 
D UrsHi MaJ. 
a JJrsm Maj,. (i)tdM 4 } 


L4?nf. Ijiil, ys4T- 

121 +4p- u Uruaj Maj. 

130^+ fl"' ft Auri^ (Csj&pffa) 
133'4 64' ^ UraoE Mej. 

135'+12' J^Aorisui 
14&“ -19* n Taijri (ArdeiwHt) 
155'+ 24* ft OemiuDrejm (CapforJ 
1 eo*+£5" js GemiTiorvim (PaWitf) 
165* —15* y OrioruH {Bcliatrix) 
167*- 7' ft Osioah 
17r - 24* yS OrioniH {R^e^ 

183*+15' a Cjmiii Min. (jrVDf;yo7|.) 
195" 4 BO* fl Ifooms 
l&S'— 8* a Csjiifl Maj. 
mvae: & r^nifl 
2l0'43)ar ft Hydne (Aip^Aard) 
210"^ 5* fj Cauia Maj. 

222 ' 47 Sr jS Laonts [Bmehda) 

228'-^25* ta. CardikD (E>[xnopwj} 


liTl^r^ Lit. Biir 

!£3G"— 7* y VElorutn 
940'4 p Virginia 
250'-13* a VolAuti* 

256' —fip' fl Eridim I f A’cAemarJ 
ses*- T a Crucia 
279"+ 1" ^ Contauri 

264*- I* ft Ceutauri 
S8&'+60' ft Virginie 
360^^16' ft Triangolt Auia 
3tlO--- 9' I Ar» 

313“ ^B^' JSGruia 
337'-54' ft GruiB 
3SCf4l4* ft ^corpii 
321*43S*^ ^Bcorpil 
327*-11' c SftgittiHi 
343*+6ft* ft BoOtifl 
348*-66' ft Pise. A, 

355*4 4" Tj SerpEDtia 
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ASTRO.VO¥IUAL TABLEI^. 


Apparent (Suildlal) TIidb of Sunset. —To obEalu Moati Timfl of Simaet^ sm *]?poaiii^ JBL^Equition of Timfc 


n&riihtryi 

LAtEtu^TM 

(r 

10* 

SO" 

so¬ 

3B' 

40" 

1 ^ 


1 ^ 

54* 

Bfl" 

W* 

1 ecr 

Qamhtn^ LalltudDi 

ViUU 

£ 

I3U# 

£ 

b. u. 

bi. Diu 

b, HI, 

fa- m. 

far lEft, 

hr m. 

K Hl- 

1 

[l, tlk. 

'b. m 

b- Hi. 

b. n- 

h, a. 


bflt* 

£ 

DtU 

£ 

D«o.a] 

-i 

D&0.21 


6 Oi 

6 40 

a SB 

6 03 

4 54 

4 40 

' 4 23 

! 4 02 

3 as 

3 41 

3 SB 

3 14 

is 66 

Jun.Sl 

+l 

Jua.21 

+1 

,, S4 

-1 

PP IS 


6 04 

6 47 

a 23 

a 07 

4 66 

4 40 

4 23 

• 4 O:! 

3 as 

3 4S 

3 29 

3 14 

2 67 

,p S4 

1 

II la 

1 1 

« 27 

+1 

IP IS 

ft 

6 04 

a 47 

a 23 

a 07 

4 56 

4 40 

4 24 

1 4 03 

, 3 54 

3 

0 30 

3 15 

2 BB 

,r E7 

A 

IP 18 

! V 

„ 30 

1 

P. 14 

ft 

0 04 

a 47 

a 20 

a 07 

4 66 

4 41 

4 26 

' 4 04 

3 55 

3 44 

3 31 

3 10 

2 59 

« 30 

1 

IP 13 

ft 

Jui. ] 

1 

P. 11 

r 

6 04 

0 47 

B 20 

5 OB 

4 B8 

4 43 

4 28 

4 05 

3 66 

3 46 

3 33 

Ib is 

3 01 

July 3 

A 

IP to 

-1 

,. 4 

i 

P. s 

t 

6 04 

6 47 

6 E2 

6 03 

^4 67 

4 43 

4 S7 

4 07 

a 67 

3 48 

3 3a 

3 S] 

3 04 

IP e 

1 

! rh 7 

1 

» 7 

4 

P. 6 

u 

6 0>l 

a 47 

B 30 

6 00 

4 63 

4 44 

4 23 

4 09 

4 00 

3 49 

3 3B 

3 24 

ij 00 

PP 9 

5 

J HOC 3 

1 

H 10 

7 

Dk. 2 

11 

6 04 

a iB 

a 31 

B 11 

4 69 

4 46 

4 30 

4 12 

4 03 

3 aa 

3 41 

3 28 

3 13 

IP 12 

ft 

Mfry3] 

t 

> 13 

i 

Ko¥rS5 

IS 

5 04 

h 43 

6 as 

6 IS 

6 03 

4 43 

4 33 

4 15 

4 DO 

3 G0 

3 46 

3 33 

3 IB 

.. 16 

e 

II ^ 

j 1 

,p le 

Ifl 

^ sa 

11 

S 04 

B 4a 

6 32 

B !3 

B 02 

4 50 

4 30 

4 17 

4 09 

3 B9 

3 4S 

3 3T 

3 23 

^ 19 

t 

IP £6 

! > 


U 

PP 23 

14 

0 04 

A 49 

a 33 

a 16 

a 04 

4 62 

4 30 

4 21 

4 13 

4 00 

3 64 

3 4S 

3 29 

P. 22 

« 

f £S 

t 

» 

ll 

p, ao 

1ft 

0 04 

a ao 

a 34 

s 17 

B 07 

4 66 

4 42 

4 £5 

4 13 

4 08 

3 69 

3 40 

3 30 

^ 25 

0 

ll 19 

i 

» s* 

H 

P, 17 

U 

0 04 

1 fi &o 

6 35 

6 19 

6 08 

4 58 

4 4a 

U S8 

4 £5 

4 14 

4 oa 

3 64 

3 42 

i, SB 

ft 

II IG 

1 

.. sa 

11 

Pr 14 

^"i 

e 04 

a 51 

6 3fl 

6 SO 

6 11 

6 Q1 

4 4S 

4 33 

4 SO 

4 19 

U 10 

4 00 

3 49 

1. 31 

ft 

IP IS 

4 

^ 31 

u 

1. ll 

in 

€ 04 

a 01 

B 33 

a 22 

5 14 

a 04 

4 52 

4 33 

4 31 

4 24 

4 16 

4 07 

3 68 

Aog, 3 

-HG 

P. ^ 

4 

Fob. 3 

+]i 

II 3 

-w 

6 04 

6 

5 39 

6 24 

a 10 

5 07 

4 58 

4 46 

4 30 

4 30 

4 as 

4 13 

4 04 

tP ^ 

e 

p, 0 

ft 

1 e 

14 

,P 5 

ifl 

6 Od 

A as 

fi 40 

6 27 [ 

5 19 

a 10 

5 W 

4 43 

4 4S 

4 30 

4 20 

4 20 

4 12 

^ 10 

ft 

ilay 3 

* 

M e 

1 14 

Xov. 2 

w 

S 04 

a 53 

5 42 

a 28 

5 22 

a 14 

6 04 

4 56 

4 4B 

4 4^ 

4 36 

4 27 

4 19 

« 13 

ft 

Apr. 30 

ft 

.. 12 

14 

Ott^} 

10 

5 04 

B 54 

a 44 

a 3s 

a S5 

6 10 

6 0$ 

4 53 

-1 53 

4 40: 

i 4S 

4 36 

4 27 

PP 18 

4. 

PP 27 

t 

1* T& 

ll 

P>27 

l« 

6 04 

B as 

S 45 

a 34 

B 23 

a 21 

1 13 

£ 03 

4 59 

4 54 

4 43 

4 42 

4 30 

N 19, 

1, 

IP 24 

1 

PN IB 

ll 

PP S4 

i« 

3 04 

a 65 

a 46 

a 30 

5 31 

a S4 

a 17 

6 08 

a 04 

6 00 

4 aa 

4 49 

4 40 

ll E2 

ft 

PP SI 

-1 

« 21 

ll 

pP 21 

lA 

3 0^ 

a 63 

6 4B 

£ 39 

5 34 

5 SS 

6 21 

6 14 

& 10 

a 00 

6 01 

4 B0 

4 G1 

PP 20 

s 

PP IB 

ft 

jp 2^ 

IS 

M IB 

1ft 

6 03 

6 63 

6 ao 

6 42 

5 37 

a 3S 

6 S3 

6 16 

a 10 

6 la 

a 00 

5 04 

4 59 

« 29 

+1 

PP IB' 

Q 

PP 37 

as 

P. 15 

14 

3 03 

5 67 

6 ai 

6 44 

5 40 

5 33 

a 31 

G S6 

G 22 

6 19 

6 16 

6 n 

5 07 

Sapt 1 

ft 

« IS 

1-1 

IfjLT. a 

u 

PP 12 

-IS 

6 03 

5 6S 

B 53 

5 47 

3 43 

5 49 

a 33 

B 30 

6 S3 

B 26 

6 22 

£ IS 

5 15 

ll 4 

! -i 

1, & 

ft 

^ B 

-H11 

PP 0 

11 

0 03 

6 59 

a 64 

6 49 

0 46 

£ 43 

a 40 

5 3a 

a 33 

6 32 

5 S9 

5 20 

5 S3 

PP 7 

t 

.P b 

t 

p.. a 

11 

PP s 

tl 

6 03! 

0 00 

a 63 

6 62 

6 BO 

6 47 

a 45 

5 41 

G 30 
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A STKOmMlCAZ COA*TRA VTION^. 
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it ifl tsfirLiBr^ Coroets : sa for VarUbEe AtarSp + later, - eitrliferp to indicate departiira fPMn tha epbemoris, or the elemcnta, 

Earth a ArcO-p and Zcnograpkic Dec,—Ti^Ticn -|-, the planet'a Xortb pole il prwentod to tha Earthy when -, the South polt 


Dctlinatinn t — 

+ =Xorth of GEleatial eqr. 

— = Smith „ „ 

Lulitade :— 

+ — N.l of EflliptiOp ar of 

— = 84 / Earth's or Qal&ciL 

Longitude [^r- 

— ofGrocnwich 


LEbmtion ; mmhQ ecDlr? f— 

H- =DiaplAJOBd to lE,floDgEt^5 
_ W 

+ =Pb?pIioed to S, (lat,J 

“ IP II kK 

(sae Bo-tep p. S9) 
Mignitttde j— 

+ " Faintsr thaii mag. O'O 
- MBj%htBr „ pp O'O 


Position Angle StMJ'i t— 
-h =» NrPaEflk k 1 of thoHr. 

— ^ Cipde. 

Proper Motion, Preceaeion >- 

+ — NorthwanJa [in .T>ect) 

— = South WiJfd)* ,y 5 
+ -=DEreot (iiiE.A*) ^ 

— *■ Retrograde pp a 

Liglit'tiiiifi. -hi^teTp - earlier. I. 


Radial Velocity i— 

4- ^HcoeiEdEm from Sua 

— = Approach to ,, 
Saturn's Riog:«{p. sa). 

+ wEftrlL K. of rifig-pLica. 

— Sj j,* 

Sun's EqtLAtor(pu 10^ 

+ “S, of centre of dim 

- -N. „ 


A^tTononiieal CQqtraotJocLS.—Tho* for Aatronomital Soetetiosp Pnblka^jcic^ Sbaf tatttlogUfiBj ara given on |>p. vi-tIL 

P.M. PropGr Motion 
RA, Right Aboenriioit 
O.T., T.U.* UniTeiRaJ Time 
SeEui-tliamoter 
Z^ith diatanoe 
North foliowisf. 

preceding, 
South preflcding. 

3 P foil dwing. 
l/y^ hght-ywiB. 

Astro-nomical SymbDls for PoattioiHj Magnitudes, Parallaree, (fnltsr liat Sming front cover). (I.A.U. prupfjeadp ]^3&). 


At Right Ascension 
AU. AfitroDoraicAl Unit 
pp Angatnom Unit 
C.L Colour tLido& 

C.M. OdtttTivi MeridiATi 

Dec. [ledinatinn 
Eqr Equator 
Gid. GsJifcctio 
G.K Gmnieit elongAtion 


G.CrT. Greenwich Cirll Time 
G.M.AT. „ Moan Time 

Q,ir,K. Oreenwieh ilcan Noon 

G. ^LT. p, „ Time 

n.L RpjLt ludei 

H. P. Horixcmtal pttrallli. 

I. A. ruternatmtial Anjcstrom 

J. Dh , J.P,, .liUiau Day 4 Perjixl 
J.A.D. „ Aatr Day, pL &. 


SL, Kelvin (abt tump., p, iiy 
Lat. latitude 
Long, IfiDgitude 
Mag. Magnitude 

N. RD, PolrftT Diatance 

NrP.^ ,, Ik SequimoQ 

O. -C. Obimed-idak'ilBted 

P. A. PdHStiOn Angle 
P-El Probahle err-or 


Z.D 

nf 

ip 

*/ 


t 

A 

1 


rf, days I II, hours; m., miuuteisj acconda, mm., millimetre* 3 cwc.p centiiuetrees ihrt.p kilometres 


a Right AaocuBLun. 
i Uecliiifttiaii 

fi Latitude (OQlBatiAl)p geocent, 
X longitude p| 

G Galactic longitude 
IP latitiide 
6 Eeliooenlirio libtitudo 
I „ longitude 

<ft Geographical latitude; 

L „ longitude, +W. [centric. 


Aj Azimuchr h Altitude 
* Zenith Diatanoe 
Af or f Hour Angle 
n' PerAlltLl, anousip in \ 

Pjj ,k EjqiiatortAl horiiooUl 
p Atbtiiial ijreceaaionil^eituralj 
p Position angle, p, 
p Proper mottou (total annual) 
Jf, T, S^p YolDcityp+ ntdial (re 


K ^aye-langth, lb An^txxniiir t].B|i Jf 
^ Micron, =I/lCICH>th IDDfl. 

= M0,0f»0 

pp l/millicmth mm. = MQ 


ceding+}, tin tg^tialjapatifll I 0 


Obliquity of EcJiptic 
Orbital period 
Tiine^ Equation of 
„ of obsCTTBtion 
,p mean ^ tv TruB tiuM.j: 
pp sidorenl: lL mxxn jKkbiiii 


»lj,T 

tflnul 


Magnitude^ ahaolute 
apparent 


photo visual 
photographic 
SflteruaL pgr 
bolomerxifl 
mdiumetrio 
photo^rad 
infra-red 


Const-^llatlorL Abbreviations* Three- and four-leEter contractioDs (Int, Aatr. Union, . 33 }. (MaltiH repJaced by Pyx, to. 


Aad Andromeda Andr 
A [It Antlm Anti 
Aps .4pnia ApUiS 

Aql Aquii* AqH 
Aqr Aquarioa ArEsr 
Ara Ara Ara 

Arg Argo Ajgu 

Aid An-oa Axle 
Aur Auriga Auri 
Boo EooitBa Boi^it 
Oaelum Ceel 
Oam Camelopard-Cami 
Cap OapiiogrtiUri Capr 
Car Capna Ch^ 
Cflfl CftKiopeia Casa 
Obq CeataurtiB Cent 
Odp Cepheua Ooph 
Cel CetUd Oerti 


Uha Cham^leDu Cham 
Oir Ciroinaii Ciro 
CM* Catiiia Me^. C Maj 
CMi Cnti]* Min, C Min 
Cue Canoer Cauo 
Col Columba Colm 
Com Coma T3er. t'oma 
CrA Cor&HAAu*.C()irA 
CrB Corima Eorr Cor R 
Ort Orster Crat 
Cm Crux Cru£ 

Crv Corvua Corv 
CTn CancjB Yen. 0 Veu 
^y& CjrgtiUa Cygn 
Del Dalphinufi Dlpb 
Dor Dorado Dara 
Dr* Draco Drac 
Equ EqauleUfi Equl 


Eri ^Eridanufl 
For Foruai 
Gem Ganuni 
Gni Gms 

Heixules 


Jler 

Hot 

HYa 

H>i 

Ind 

La^ 

Loo 

Lep 

Uh 

LMi 


md 

Fom 

Gomi 

OruB 

Hero 


Horologium Hero 


• UflTaniiiy, W,Z. Waltztia 


Hydra Eyda 

Hydrufi Hydi 

Indua Indi 

L^r 

Loo Lccn 

Lepiia Lepa 

Libra Libr 

Leo Miew L Min 
Lup Lupuji Lupi 

Lyn Lynx Lync 

Lyr Lyra Lyra 

(Malu^Mpyiis) 

f Ktiativt io ibv Bum 


Men 

.Mlo 

Hon 

Hub 

Nor 

Oct 

Oph 

Ori 

Pav 

Pug 

Per 

Phe 

Pio 

P*A 

Prc 

F4ip 

Pyx 

Ret 


Mod^ Mena 
Micrijflcop'm Mior 
HoEooBr«* Honu 
Mu.9cs 
N orma 
Octani 

Ophiunhuji 
Orion 
Pavo 
PegaBUB 
Perwaa 
Fhof-nlx 
Pic: tor 
Piacia Auat. Pac A 
PlaCftS PtHD 
Plippij Pupp 

PyXJB Pyxi 

Reliculum Reti 


^fuEC 

Norm 

Octn 

Op^ 

Olio 

PSTO 

Peps 

Pei» 

PhcB 

Piet 


EicHB and midnlglLtL 


Sri Sculptor Scul 
S™ ScorpEuB &ODT 
Scutum Scut 
iter SeTpori* Strp 
Sex Seitana Eezt 
Sge SAgitta Sgte 
Sgr Sagittarius %tr 
Tan Taurtia Taur 
Tel TnleBcop'm Tele 
TrA Triang- Aua.Tr Au 
Tri TtiMigulum 'rrii 
Tuc: TucEEia Tucu 
UMa Ur^ M.^'or U ilaj 
UMi Ur^ Minor UHia 
Yel Vela Vclr 

Yir Virgo Yitg 
Yol Yolaeu Yeln 
Yul Vulpecula Yulp 
























A Star Atlas 
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l_notes on star nomenclature. &o. 

Tb€ ConstellSltlODS—Tiia of mo&t of the oonSitellAtioii q&ieiga if lost Ln antiquity. Coha wiu 

addfld to Lho old liEt (tlimigb not dafinittily fined tiU tbe time of Tjclio ihont 2fi0 B.C,; but ao further 

ftdditioD waa m&df till the ser-iTitOiTitiii contury^ when Bayfr, He^ebtia, and other AsLrotiomera^ formed many oocLatell*- 
tiDQB in the Mthorki aDcharbud re^onM of the fOQtberu beLreDf; aad inarkcid oS portiom of flome of the Urge or Ul- 
dofiiied aDQieat ooustelUtionB Lita new ooiiBtellAtioaa.^ Many of the^e latter^ boiroTer^ wore ae^er generally reoognisBd^ 
acd are now eilliar obeoletB or have had their rather clumsy nameB abbreviated into mote convenient fomia. Bbce 
tiie uiiddlo of l-he IBth oenturyi when La Caille added thirteen names in the Bouthem hemisphere, and subHdivided 
the linwieldy Argo into Cadoa^ MaLua {now PysJs), Puppis, and Vela,, no new oonitellalione have been recogniaed- 
Originally, cormtelUtioos had no bonudarioBp the poeition of a star in the ^hcadp' *foDt^' ^o,^ of the figure hub we ring 
th6 noeda of tha time; the first bDutidariei were drawn by Bode in ISOL Por List of ConstoUatiouBp eeo last page. 

StaJ^ NomencI&tUF^-—The atar names given on the liLSt hut duo page have, f[?r the moBt port, heen hajidtd 
down frpni cUaiiicBJ or oarly modui^val timeip but only a few of ibcm &rq now in oEOp a system deriBed by Bayar in 
1603 haviof been found more rouvenientj tU, the designation of ihc bright sLara of Nmh oOnsldUtion by the small 
letters of the Graeic alphabet, ^ j9, brightest star being usually mjide ths aoeond brightest ^—though 

Bometimes^ aa in Ursa l^lajoTp aequence, orpoeitlon in the oonatelUtion figure, was preferred. Whan tha Gre&k letters 
were exhauBtad, the aimll Roman letterVp a^ b, e, were employ&d, and alter theee the capltalsp A, B, 4o.—mostly 

in the Southern oonstellationa. The captEftlB aft^ Q were not required, so ArgftUnd&r ntHUod R* H, T* to deno&B 
t^rmhle BtarB in each constellation^ a convenient index to their peculiarity (set also p, ix). 

The fainter stars are most conveniently designated by their numben in some star catalogue. By universal coo- 
sen t, the numbers of Flamsteed's BfitLab Catalogue (publiahed 1725} are adopted for atars to which uc Orock letter 
has been asBigned^ while for stars not appearing in that catalogue, the numbers of Bomo othe-r oataLogun are utilioKL 
The usual method of denoting any lettered or numbered star in a oouatellatiou Is to giv-e the letter, or Flamsteed 
number^ followed by thegenitlvo case gf the Latin name of the couBtellation t thus a of Cuuss Venatioi is doBcribed ob 
li CoDum yenaticomm, Theae genitives are given in the list of eonetel tations on the last page, facing the 

Flamrt^ed catalogued his stars by coustehatipn?, nunibstiDg them in the ordor oE their *Rtght Aj^nsion'—thatii^ 
the uumber of hours and minubes they southed after the southing of a certain £oro point among the stars {p. 2). Moat 
tuodern catalogues are on thi-s convenient buia (ignoriug conEtellatiunn}, os the stars follow a regular sequence. But 
when Right Ascenaious arc nearly the aamer especially if the Di^aliDatious (p, 3) diObr much, iu time ^ptBcsssion/ may 
change the order; Flamsteed^s 20, 21^ 22, 23. Herculis, nnuahered 200years agOp now south in tho order 22^ 20, 23, 2L 

For convenience of reference, the more important star catalogues are deaignated by rEwognised contractioua: 
thus B,A,C. 2130 is at once known by astronomeirs to denote the star numbered 2130 in the British AASck^iation 
Star Cacaiogue of 1^41). In mcist stnr catalogues a nLimber is assigned to each star included in thorn, whether it Las 
a Greek or other loLber, gr not, Thu^ Fu^a is -a Lyrw, 3 Lyne (FLamsteed's nnaiber), and (oonstellationfl ignored) 
GrcMD^mbridge 2610. A list of some of tbs boat-knnwn patsloguea, and their contractionB, is given on p. vii. 

Con^tfiHatlon Boundaries.—Bede’s boundaries wore not troat.^ as standard, and chartn and catalognesiasu&d 
before 1930 may difier aj? to which of two adjacent consteUations a star belongs. Thus Flamateed numbered in Camolop- 
ardus several stars now allocated ta Auriga, aikd by error ho souaetim^ nnmbcrad a star in two oonStcUationx, Bayer^ 
olxOp :«^metimas asiEgned to the same star a Greek lettor in two constaUationfl, nnoiont oatmnoniiBri having atnti&d that 
it belonged to both conataLlatlon figures : thua ^ XaoTi = y AuHgiB^ and u Andromedn = IS Pegaai. 

To remedy this inconvenjouccp in IS'SO the International Aatronomical Union standardifled the boundoriefl along 
the Jan. 1, IST5, s.rcif of Right AscenBion and Declination, having regard, as far ob possible^ to the boundariee of the 
besb star atlases. The work hod already boon done by Gould oii that basis for moat of the Ilemiapbere conEtellatioiu. 

^ * Antnaomi, kddfd in a.q. 13Q hj |Ls Emperor AdriiUi-p wa* lung cgmbiOHl with AqiuJi u Aquilm rb Antinaiii.^ 1 












A.STRONOJilCAL TERAi^t 
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The LA-U» Boundaries.— TLicfie do nnt chang^e tlieir position* aioong the star*, IIitia ubjtrtta can he 

corryctEy located, thou^rh^ owing to pre^Mii&ijioiip the areeof Right ^ocueion and l>eeliualion uf to-dny mn iangtjr bliow 
tiju boundaries^ and are. steadily departing from them. After aome llJ^yOO years, iio-viever, the?ie arcs will begin to 
re-tarn toward* the boundarieSp and l:ip9O0 jeiLr.i ^fter thisp on complettog the 2&,S0U-yaar preeusjj.iunai pCTiod (p^^J 
wili ppproiim&Le Crf> thenir bat not exndly coincida 

IL NOTES ON ASTRONOMICAL TERMS. 

The Star Sphere, a convenient Usrni used in epeaking of t!ie heavonJy bodies aiid thuir relative positions, derives 
it* Dame froic the appearance of tbs lioaFons to an observer: he seenia to be at tlic cantru of a vast hollow sphere (half 
of it unseeiL, beneath hi» feet), wliicb revolve!? round the Earth otiebeaeli day^ TJie etar^ nepen prirfnanently tljced to 
the inside surface of this sphere—tEieir vaj^t di^tancef^practically aullify tbeir actaal rapid motiona—and are known 
as jh^ii ftfKitr#, in contract to tlio * wandfiring stars ^ or plajisif^ whicli inovu among the othf+rs^ Uat-her more than half 
the star epherti ie ween at one timCr refraotioii adds a atrip e^ual Lo Lbu breadtEi u£ the Moon's di-M in the *kv- 
Ths C^lesti^ PolGS £ind Equ^-tOPp’— The pivots, as it w^cre, on which tJie star ii,p'hwre revolvets^ am called the 
Ctilssittil PoUf’j they are directly overhead at the Terreatrial E^-oIch. Kalf wjiy between them is the great elraie of 
the or which passes directly overheB-rl at e very point on the Tfirrea trial e^juiitor. 

Culmination l SOUthingr— A eelesfial ohjedt wh.cn it reaohcfl its highest point obove the obaerFEr's 

liori^a. 111 the N, Terrestirial liumiephere, :!nu^Ad i* uticd in ilia saniH sfl-nnap as culrnination is always at the instant when 
tiro object in dug south of the N, EqIo j in the 9. Terruatrial hemiKphurOp objectn oulminate when doe north of the S. Pole. 

Rising ftnd S6ttlng of —At the TetfCBirial E(|iiatiOr, tiie Celestial pcle^ lie on the horizon; all tho stars 

reioa-iiJ above the horis&oiL for lialf a day, bnd their rising and Egtiing are at right angles to the horizon. At thu 
Torrsatrial poles, on the other hand, the Gelostiial ^yator enincides with the horlKon, parallei witli whieli the *turE 
ic-ovd in cirdea, neither rialng nor setting, the other half of tiic star sphere beiog never seen. 

fn InliernieflEate latitudes there iiif eFcry varloty hotwoun th-pgo eitremea, but always aome stars never set (and 
a cDrrejtpunding area round the opposite Pole never rUoah th-a paths in the sky out tlie horizon obliquely —ail 
in pmpurtioii to the obaorvL-r'^i nearness to, or reiridE^sneda franij the Terrestrial Polo or Equator. 

Tho-'iEaTa which rise and set Blwstyido so ah bha same pnints nn tbe honzon—unlike the Sun, Moon, and planetB, 
which nse Bod set at difTcreni points oii euccfcieiva dayfi. In temperate latitudes, aapecially, those of thym neareat the 
obBtirve^r"* Celestial polo lieo far uortli fS, hemisphere, and are above the liorisoti most of tim twenty^four hfiore; 

as dl*ta.ace from thy Celestial pole iiLcrea^es, they rise further and farther soulL (or and their time above the 

horizon Jimhiiiiliaa^ till, for the stara furtheat south for they 4 fCfc again a very short time after rising. Star* on 

the Celestial cqnaEnr rise due sol due W..^ nud are 12 hrs., above tlia horizon, all usrer tb« Earth—except at the Pole* 
islats riBs, ^ aouEli ^ ^r ^ north atid scti at a given hour o?i«J a y^-etr, alwayn on err aturyiit the Mnift d.'lto, for tlkuy culiaiLtata 
□early four minute* earlier mcih davT make 30&i mvolutiona in ;^R&| saljiT ^iaviL On one dfty in the year ^southing/ 
weur* for when a star ;wiitLa at ] i!.-l a.in. it will south again, at 11 ■&7 jmu. Lho same day, This nt;cure with the Superior 
planots (p. 32^ alfio—Mar^ and chs iLstfiroid* En general, about eaeli second year—ihsir mean dnSly motion* Irtcng icon thjui tbe 
Earth^'^, Mar* and Vanq*, bowaver, may not sauch at ^1 on oue day in the year. 

The Stars that never set or rise.—-Star* never set wheu their d isLutico from, the Gele^^tial p^ole la Jesa thou 
the latifcado of the obaervor oa Llio earths Or, stars with Detliiifitioa (p, 3) gi^ter than the observer's 
hia latitude subtracted from 90*J never set; the correapnciiling area rnund the opposite Pole never rioeE. 

The Ecliptic i* anoLhet important great circle on the ntiir i^phere, which iuterseets the Celeatiid equator at an 
angle af 33^' (the Obliqui&y 6/ i/w Rdiptic*}, and I ins ill apiauu which paascifi thraugh the centres of the Sun and the 
Earth : it repreaencs the yearly path of theSnn^a centre on the *tar sphere, as-seen from the Earth, or tlia Earth's as 
seen from the San: it La shown in Map* -!3-14. 2^j4a Sdipik the pofnt-i on the star sphere fJO"" from the Ecliptic, 

(aboLpt 23J" the Terrestrial pole*), aru at H.A, ISh., and 6h., and Dec. dSJ" N.^ and S., reapoctTvrily, 

The EijJiptb aud ita pole* rtre ^woaibly ^ (l«,, far oHlinry pnrjwso*) flsed i NLi the flUr hut change slightly in oenturaesL 

The forcDEr alau repnsMntes (a; the centrFd, line of the Kroliac (p3)j (ft) the average path of the Mwm, iroroiiry, tkiid tonua, en 
the atarapbere (pp. fi, ilSJ, bqt not feho!se of the other major plaueEfl—rthoughtheaearE alwoyg Eho Ecliptic,, Bjeept Flute. 

The Varnal Equinox or First Point of AfIos^ the zero lor the celestial measuremontB Eorreypondlng to 
terreatriul lougltude, i^: the point of interaaetion on the star sphere, ?vc any moEDciifc, of tho Celeatial Equator and 
the Eciiptie, at or uflBr the point where the Son crosses the former from S. to N., abont March 21. 

Thia imint—the Trm or EquinfiX, or EqvinoJ;^ of aeiy date—mtit'Gs wDHtwFtni cyjt the Ecliptio Ifiih .'iecend of 

are every day, hut is uevertbelfH* the most cnoTeuient point for the pLirpoBc, a* the 9uti^a iKwitinTi in tho flky, meoanirGd freni it, 
remaina practically tho oam-a OU ft J^iVQu day of tha year for thulMftlKl* oJ' jvyirs, hy tlie tei4p yoor arrmigemcnEa of the I'aleudar, 
thuu^yfh tfujae of the Star* rtlowly changOi ^ VerruU Equiu-uz,' w/«n tiKd iji mnnw/mn. iriih (Uwaye mtfiDa thia moving 

True Equinoi,Lut che Vernal (Sinn ag,p,h) eqninox ia theinatant when iLcSun^Ji centre actually crnflaE.a thoCvleatiii] equator. 

.Sf 'rta ia tho True .Equluoz Dorractod far rho irrsgntartty (miu:. ± 1J scesvj called uatAtlou in Right AflOeil*ton 

(p. Pcajtiona hi star ahurt* Mid uatalagua* are nnsfwurcii from it, at the time whcti tliu Sun’a mean longitude i* SftO^, atio-nt 
Jan. 1 : thy* for 1030, thn Htar iiosfttodfl are called ‘inefl.Ti placa* for lyfiO'O^ —* <i ' aftar a year alwiiVa ibdEcatf>a the SSO"' *LafL 
The posiiLioii uf the Firat PaLnt of Ariv* w about nine moou'breacithg W. of thb eud of a line drawn Erst from 
u AikdromedEH Le y [whieh fortn onpalde of the ^Sqaaro of Pegasus^) then exteaded down wards for the same length. 

JBiir 1, HHiO, 2S' 2fl' 40'' {oiLiiual Q"'47l| may isfy S" friun mw-n. 
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The m^ndfan that- great* circle on the aUr tphere which paasee Lhinugti both Celcatifil polefi, and throtiBh the 
Miiith of th-o oIiHtirver; it meets the horizon due south and north of the FoLe and the observer, Ort i/rf 

mundiiin rrfur™ £o ih^ my^ridmn, have the earns meaning m cnlmmaLton, or tmnaLt [see beloiv). 

TnansiL —a q^leKtial object ?Vaft*i£i when it croasea faj th* mi^ridiau of a place —Ufyper STfaFutf * 001011111 ( 1011 : 
or (b) any eelecLid licp on the star sphere: The term is also nned for a luorldinn or vpot croaeing tho centre qI b disc* 
Tran^Uy or L&uxr of a * circumpolar ^ star wLicL never sets^ ia at the oppoaito side of tlift Pol^p 

twelve aideroL lioiira alter upper transitp when the star is noarBst the hoikKon. 

TranM-u filao dcuotea the fiaaisingj as a black aLroulBr spot,, of and Tcmt^ B^roaa the Sun^s disc ] or of a 

BQteliiLt* or its shjado w (p, 34) acroRs the disc ot ite primary, is the entraiics o-n to the diBo; the ctepartnre. 

Celestial Pdsittoas- —As the star spherehaa an Etjuator and Pol^-S, taking the meridian through the ’V ernalequ^ 
noi aa zerOj the poHitioei of any object in the flhy can be bdieated in the waj placos on the Earth are located by their 
lalLtiidc^ N. or S. of the Equator, and their (ongUnda from Greenwich. The correBjMjnding astronomical temiSj bowcTer, 
ire i)*cfand Bight anqtont aitronoinem having unfortmftte^ly (for jssmilarity of nomenelat-nru) used 

the terms latitude and longitude bodcoote measorDincniU referred to the Eclipticj instead of the Gelostial equator, 

DeoHnatlOll (contracted S, or Z>m,) cameBpoads to tnrrcetial latitude; it iff meiwured in degteei North or South 
of tho Celestial equator. The IntanULtignoI Astronomical Union recommend the- use of + sjiid - inBtead of K. and S. 

Polar (fiontrac-tod otP.D.), meoeured in degroan (0^ to 160*) from the K cel^Btial pole^ is 

BomoLim-ea ueed insit-ead of DecKnatiou* as it ohvuitQB the use of negative ffigns, and all chance of error with N. and S* 
ftigfht Ascension (oontracted Bp B.A.j or JE)p enrreaponds to terreatial loogiLudo, It is measured eastwards^ or 
counts r-clLwskwise, on the C^lcadat equai-or from the True equinojc, iwmetiiocs in degrees (0^360''), usually in aidereal 
hrBL{A. h minutes (fii.), ieconda (*.)- lh.*15"j l"*4m, Every ohserva-tory had a clock regulstud to thii sidcroBl 
time fp."!}); when it shows Dhrs. the Truo equinoa Lb on the nhwrratoTy’B mcridiam 

Ajs the True Equiaoa cqliuinaloa daily, it is aasy to note how many houro, minutes^ and seoonds e-lapse from its 
colmination to that of any other object; thiH intarvzJ la the Eight AKf-mirm of the tshjcet, Objecti that culmiUBte at 
the aame iostant aa thu Tme Kqninox Lava E,A. Olsrs.j those culminating 1 hour lat&rp H.A. 1 hr.; thoafl 2hrs, later, 
E.A. 2 hrs., and so on up to ^4 the Ohra. of a new aid-ereal dayi of course jninutcB and secondB are also used, 
RighL AnoaoEioa hoEira, Ac,, are vary ilightly shortEr than those of ordinary mam tfmep tha 24-hr, aidoieftl day baing emilj 
hr^ &0 mio, 4 aece. mwu tlmo m leiigtiip or About four minntas ohurter thau tlie mean solar -day, [6^p., 6^ 

Hour and D^IinatlOll Circles^—An Uattr Cirda^ or a Ctrcfi% is the grRSrt drcla passing through 

a BcloBtia.1 object arsd the CeleaUal polea; tins former term is preferable, the lattar is liable to be confused with 
■ Ueelinatioa PamllDlSp* which a-na not gruat cLrcl&s, These terms are also apphad to fcbn graduated circles on ^eq-Qfttorial 
telescopes (p. 46}; the hour cirol* is graduated in H.A. brs; and minut^aT and the Bec-lination circle in degrees., 

Colures.—J7r< Cefbura is the great circle of liA. 0 hra. and l^hrs.; it poaaes through the GeleutiaL 

P£lle^^ the First Point of AneOt aiid 160* of celestinl longitude 3Aa Sdstiiial Co^nr# is tlio great circle of H.A. "Shra. 
and 16 hrt; it pusaw through both the Celestial nud IlcJiptlc Poliss^ juid thmugh th® Sdaitwi FoinU*- 

Thfl ZodiSlC (literally ■ circle of the animalfi,' moat of the aigna rtproacnl living creatures) ia the of the sky 
S-9* on poch aide qf the Ecliptic^ wfthiu which the iSun^ ME^on, and the plnucts known to the ancienta are found. 

Starting yearly at the Ftrat Point of AtEgh, it is divided Into the twelve * Bifius ef tho ZfwJtws'' {*ee flyn]h(»lBj p. ivi)^eHih 30" 
of jojj-gi tuda on the Btliptie—which, however, donef DoincidBWith tha-caiiEtellationa of tha somB oame,. alfchougb they did bo some 
3[l^30 rears Agq when the FLrMt POtnL WAM named, precesaioa having corriBd tham wastwordB eqlno vV a whole eigu, 

Th® Invariable Plane of the Sulsr Syfftem^ pasaiag tbrongh the System’s centre of gravity, forms bji on varying 
tefereucs plnn^ aa it doei’ not change- ita poffition in space owing to mutual planetary perturbatiouB, m the Ecliptic 
doe.y. TucliTied l*3E5^ to the Ecliptic plane, 7* to Sun's equator; longitude of aaeending node 106" Sfi' (epoch ISBO), 
Fa^{IaT7iffni^ Pluw, in occulbatLonB and edip&es, is that posing through the centre of the Earth at right 
angles to the lin* drawn from tho aear, or tho centre of the Bun, through the centre of the Moon. 

Alternative Reference Circles. —The Celeetial Equator^ ihough the mq&t coiiTenicnt for finding or recording 
pcKsitiona on tha star sphere^ by H.A. and Deo., is an unnaitabb rRkrenise circle for Tunny purpoBf^ and other great 
drekii and referenoc plaiiCit aro usod iasti[^. The poaition of an object in indicated, with reapRot to the :— 


1. CeIo^IbI EqUlffUir 
£. Ecliptic, (a) (rum the Earth's centre 
3. n (^1 H Sali’a 
4_ HoHkio uf the clMerver — 

0, Mciidian 

fl. HoLir Circle nr Dedinatbn Circla 

7, GnhkctLc Flauc^ or Milky Way 

8. Suu'fl EqAator 

fl. PhLuet'a or iltmu’s Equator 
to. Limb of the San, iloon, or Plon&t 


by its I>i?ctinatioo, and Bight AacenBion, Ibom the YcmAl eqnmnjc (p, 3) 

f, OeccentTio Latitude^ aod LongitudUp „ (p. 4) 

„ H«ilio«ntric „ „ « □ n (?■ 4J 

AltiCudOf and AelihuIiIl, from tha K. Or S. point ^ 

n Hour AugU from thfi meridian, and DeollDatioD from the Cdoat. Eqr. „ 

„ PodtinQ Anqlo, Emm the Nurtli Point p, 

„ CaUctio JAtitude^ imd longitude, fro-m rede on OeEcetlol equator (p. 4) 
JIuliogTapbic arbitrary detO ^.. ^ 

„ PtanetogTaphic,, (^Icuo-, Zeno-, &c.,-graphic, aw p. 4^ 

„ DiAtonra ^d) fbi)m the Kortk Feint; (&)-from ihu Yvrtai 


(p-fl) 

Thus there are sev-eral kiudff ol ostrono-tiitC'al latitude nnd losgltuda. But unl-css qnolihEd by on adjeotivu, In aetronamy 
theiie- tc-nns nanaliy mean mid referring objeota to the Eeiiptia and the Earth 'a eentrb 

* ia Celsfltiil losgitudB 90*^ ST'O* (or k. A ff L, lad D«e. 9. 
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PositiDHSi—All aatronontiea-t obserTationa are n&c&ssftrily iopMfflirit—made from a point on 
the Kartb^fl florfac^^bat for ■iinplic.itij^ the fibres in Table? are aiwaja ^eoeentricj. that i*j <j»lculated m if bodies Trere 
obeerved from the Earth's oeutroL The rei&on is tliat the topticcnirie ndue? differ with the position of the obaerYcr 
(eioept tor stara—too distant for appreciabto e1mD^e)p hut are easily obtained fpr any place frojn the geocentric valuer. 

Ah^lar and linear digtancei are in generat meaEured from centre to centre of the bodies cajicomod, and those 
calcnlated an seen from the Kun, or a planet^ are also gi^en for the cod tree (heliocentric, (fcc,^ vainca, ate below). 

Latitude and Longitudo (miqnalifiod by an adjective) refer celestial objects to the Earth's centre and the 
Ecliptic intuiad of to the Celeatial ISqciatorj and therefore do not corruipoDd to geographical latitude and tongitudfc 
They are oHod far calcnlatiDoa involving angular distance from the SnOp ae seen from the Eurth, of planets and cojuatii, 
—phascj oppoflitipfip Ao,; the same dehniticua, but referred to the Sun's centre, initcad of the Eart.b''e, are termed 
latitude and longitude. The Earfch^s helioceatiic longitude ii the Sun's geocentrie lougitud* + leOT. 

The Longitude of s celestial objeet is the angle in degrees (O*-3S0^) naeaaurod Eia-icwardsp between the First Point 
of Aries (t) and the look of a perpendienlar drawn from the object to the Ecliptic. Similarly, the LaHludi of a 
oelettial object is its diatance in degreea N, or S, of the Eclipt iCp tucasured on an arc at right angle? to the EcliptiCk 
longitude and Righb AeeeDiiea both start from the First Point cf Ariea^ and beth are mea^ored CAetwArdjf^ hut tlie former 
U tnaaaured in degrees aloTsg tha £clipiK ; the latter along the Cel&tvd in henrs, Ac. {but 1 hour K.A is ei*etly 1&", 

4 minutiifl aiactlj 1*). Aa the plane of tha Ecliptic lias at an angle to that of the Celealiftl Equato^^ huwever, a movement 
of 1* in longitude d*to not aiactly oorpaapcnd tc T (i^A, lA^t-h hcklT, or 4 minutes) In fLA^ becauaa (a) the direc-tbu of 
TQCasuroEnen E Is differan-b and the re&peetil'O dogroca may diShr in length on tha atikr aphare—an, for instance, whera the 
* groat cirotfl ■ d^raea of the Ecliptic ttaverM the narrower KA, degreoH measuTed on the parallel of Dec. &0*. The ■ preceBaioQ" 
(p, of the Firet Point of Ariaa coutinTially chaugea longitudes, the longitude of the perihelion of each major planet iucrtiMiiig 
■ome T per oentury ^ but Utftudaa alter very littlOj as the Ecliptic is sLcnoat fiiod oo the shir sphere (p. 2). 

Eimilarly, diflera from Declination. Both are meMured on ires of citclca on the gtar aphers, but 

whereat bJI DeclinaLioo cireJeapaai through the Celettinl poles, ail circles of Latittidfl pass thTongh the Ecliptic palca^ 
from tfas Oelestisl poles, Ths p^ralJela of latitude, therefore^ are always iDclioed to those of Dec! S nation, and a 
motion of 1* in latitude is neviir caumtly 1" in declinatiou-except aloog the Solatltiai coin re (p, 3), which mterEpcts 
the Eoliptic mid the Cfilostinl equator at right angles, and pasMS through both the Cnlostial and ^liptie poles. 

Keliogfrapllic, Selenagraphfc, and Planetog'raphlc latitude and longitude refer objects to the equators of 
the Sam, Moon, and planets, rsspoctjvely—the equators with reference to the axis of rotation. They thua exactly 
coirespoud to geographical latitude and longitude, and positiaiiA are denoted by them in the s&me way—by latitude 
N. or S. of the equator in degrees^ and by longitude on that equator from a zero meridian. Their chief use is for 
recotdirg the positioiifl of znarkinga on the aurtoce, edcH as spota, lunar emtera, Ac. Anoffraphic^ ^enoffTraphic^ axid 
arc the termi for Mars, Jupiter^ and aafcurn, respsctiTcly, 

The BSTO meridian on ths Maojj is that of the * mean centre^ of the disc^ and Icngitode la msafluped R or W. of it in degrees j 
for Mars and Jupiter, see ths On the Sun, Jupiter, and Saturn, thEpa being nc hxed markings, aero muridians can only be 

arhitraiy. Th* Snn^s ia ha-wi on au aseumsd imTaiyingaidfireflJ rotatian period of days {[»e p.S^}j the longitude i? meMured 
(0* to 3a0") from left to right looking acuth, aorcita tha nno-inverted apparent disc—‘i a, io tha direction of the Sen's rotation 
Measured on the star sphsr^ iostffiul of the body's surfaoflj hdio-, Ac-, ‘^raphw latiEude and longitude ■corre*|.»oijd to 

■alar, lunoor^ Declinatien and FtA., but areocrntricf Acl, lalitodc and longftqde are uanally ctnplcyEd for this 

•Base, They are u?ed for iodieating the position of the Sun's eqnator with referentje to the oeutr* of ths disc, the amount o^ 
lunir bbmtion, opcnncwof Saturn's ring^a, Aa,^pnblished annually in the Almmac. 

G&lftGtln latitude and longitude refer cbjecle, to the Galactic Plane (p. 10) or meau plane of the Milky Way_ 

important for pmblema rE^arding the distribution of the stars on tha star sphere^ Galactic latitude is meuiriired in 
degree? Jf.orB. of the Galactic Plane ; Galactic longitude^ along tha Galagtio plsjie (0* tn 3-SO^), from its intereecCion 
with the CelsstisJ equator about R.A. 18 1 l 40m., and measured in the aame direetion aa Tt.A, (but see noLe, p*10), 


AltitUdO^ A^imuthT Meridian, ftc;—These refer the poBitions of celestial objects to the obaerver's horizon. 
The altUndi of a heavenly body is its vsrtiicaE angular distance in degrees above the horifou j its azimnfA, the horiaontal 
angular d IsUiDoe in degrees bet wenn the obaerv&r's 3, or N. pointy and the foot of a perpondiculsr drawn from the object 
to the horizon. In the N. hemiaphere^ azimuth in usually measured from south (O') westwards, vs.^ from the mrrid^n, 
already deHned aa the great circle passing through the Celestial poles wad the north and south poLdtaof tKeobserTfir. 
The and nadir are the polnCa tn the sty directly ove-r the observer's bead and below hia feet^ reapoctively, 4.^, tha 

potcaoi the borizoii; tbe priiTis wrfwM^ ia the grpat circle passing through the renith and the obeervar'a eajBt and wtat 
points, correspondiDg to the Solstitial eolure in B. A. and Declination. Tli^ amplitude is the arc of the horizoit between 
ths E.or point, and the foot of th-e yertieal circle passing through the object. (Amplitude of variable atarSj sm p-13). 

Hour ADg^l^.—^Tba hour angle of a celeatial object refers it to tba msTre^tan of the observer} it^ is ueed in taicnla- 
ingau object’s altitude Or arinintb, the time of itsTiAingor setting, Ac., and maybe dofined as the difference between 
itB Eight Aioension and the hour of R,A, on the meridian at the time of an observation, or the angle which the bouN 
circlepoaBing through the objsct makes with the meridian—for mwt purposeB expreased in bm, Ac., □£ sidereal dust 
It is measured w eat wards or clock wise from the meridian aouth of the Foie (B. Hemisphere, 1^. of the Pole), 
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Position Angle : North Potnt —FosUion of Br pknePsi or of atjUM on tbE e\at aphersp 5 b Iti 
inalmatioD to the hqur cLtcle (p. 3) paEiUsg throngh tbo dent-re of the objEct. ThiH cieol& u tlie moit luiUble opa lor 
toference^ as, xinlikt tbo horizon, it i* flta.tion&Jr 7 witli reapwt to the atarip and being perpendicnlar to the tiorismn at 
the instant of culmination, can bo used for finding the inclination to the horixon at other timea (see diagram, p.3&). 
Thi A'ort/* FanrU ia the point on the hour-circle nearest the N. Geleat-iftl pole* in the field of view, 

(a). Doable Stars^ The ponifcion. angle cf a douhle atar is the angle which tbs lina joEnlng the oomptiuenla makea with th& 
hour-circle paa^ng thircm^h the brighter star of tbs pain Thk angle is mesAured the Nonh PoiTit (or point on the 
houf^oirtlft nearest the North Celestial Pola, in the field of view) from O' to 360'. going rotiod by K,, 25.# acd AV. (iSee p, 3&). 
{frj Sun’a or Planet'a am. The jJOflition fmgle u maafliiFed te it from the North Point on tho dlSA This rari«S thtcugbout the 
year r but for the Sun, on the same data it is about the same ewy year {as* the N.A.^ and diagntm on jk 40). Tb* angle 
IE maaeuied from 0" to 360" for tb& Moon and planeta, aa iu (a) i but for the Sun, R [-h) or W, (-) of the hour card*, 
UmbT Cusps, Vertex.—The Limb a the sdge of the Sun’s. Moon's^ or a planet'e diHo; the Cmpt, the horns of the 
■eroBoent (leas than haH-illuininedi) Moon# Mercury, or Venua. The VerUx^ Hometiniea u^d for occuLtationit, U thepomt 
on the limb furthest above the observet'a borixon; diatanotis from the vertex are counted eaatwards from 0" to 360*. 

Opposi tion.—aJ^I and the on tar pkneto (p, 32)# are in Oppcdtwn {symbol J), when 160* of longitude (or 
12hre. li.A.) away from the Sun on the star sphere: thia occurs annually (Jepiber, 1-1 yrg,)# but biennially for Mara 
and moat astermdB, They a™ theti on the meridian about midDight, and nearer the Kartb than when aot in opposition. 

An oppoHitioa ie ^ faTpumblo’ when the Kartb and the planet are near the point wbere their orbits mml closely 
approach, and as tbU point is always about the some longitude, favourable oppoaitions ait^xips taki plaat AloiU i?Pi 
tajfiA dati in the ymr {giTeo on pp.32 to 34)# and the faTourablcoEsss or otherwise of any oppoffitioD can always bs 
judged by ita ncarne.‘?B to. or remoteness trons, that date j the laoat favourable are six months later. 

COlUunction l Syzygfy.—A ccleatial object ia m MT^'itfidrion (symbol 6 ) with another cElaatial body when their 
longitudes are the but ths term may also denote etjiLality m Right Aeoension—aa in N.A, 'Phenomena,' for some 

objects, ^f6rou^y and Venus ars in Ijifiricrr Vonjun^ion with the Sun, if the conjunction nccurg when they are on 
the side of the Sun nearest the Kartbi in StAperior Conj’anai&ft if they are on th® far aide of the Sun. with the Sun 
between the planet and the Earth. The Moon is in when in conjuncrion or oppositiop, when New' or EulL 

Appulse. _An appulsc is the near approach of one celestial body to another r the term ia bIho used for approach¬ 

ing culm]nation, conjunction. ±c.; as, the appuls? of a atarto the meridiBn, of the Moon to the Earbh'a ahaflow, 

OrbltELl MotionSi —The orbital motion of a planet or comet round the Sun, or of a satelJjto round its primaTy, is 
iNrspf when from W. to F 4 .; RcO^riiik, when from E. to W.: siruileirly tho seeming motions of the planet* omaug the 
Btara, tts seen ^^om the liartL A planet ia Slittianary when its movement is reversing to the opposite direction. 

A planet or oomet is in Pi^riJuditfn (n-) when at the point in its orbit nearest the Sun j in Aphelim, when at the 
point most di*toat^ in Quiidr<Aiftni (□), when 90* in longitndie from the Sun. The Moon aiid the planet* ato in 
PeriqM when at the point in their orbits nearest the Earth ■ in Apo^e^ when at the point most distant. Fsri&mtTt and 
Apo^ntre are tbs corresponding guu&tal terms for a aatallito with respect to its primary: for 31an. Jupiter. Saturn, 
Perimartium, P^ijom, and Ptrkaiumium, are used, A planet's Ehn^atiQn from the Sdu ia the angular distance in 
degrees as from the Earth : tlie GrecUeei EiQn^ion ot Mercury and Venus is when that angular diatance reaches 
m maximum—not necftaflarily the vepy greatest. A com&t in in moving away from the Sun, after perihelion. 

Elliptleal Orbit*,—3^ A^ [symbol for semi-maj m ftiLa, a) is the greateflrt length, uaually E^pres^ied in Astrvm Unita ;; 

midwa’T in it is of tha olij|jM. Th* JfiW Aj^'* fi»is.i-Tamor, 6j ia the lino dntwti ihfOU&b the ODlltrs at right anglea, the 

ETutvtest breadch : ihi Fcwui— occupied by thft Primary fp. 7)—oue of two painta, cqnniiJi^t from tha cantre, Boch that the sum 
of their diatonew from the foci to any point an tka orUt Ls constant, and oquol to the m^or axis. 

74fl EiXiSRtricttv ffl) ia the ratio, to the eomi^nLajcir aiia. of the focu3-to-«ntro distance ; th* Rad{i£3 Vector (rji^ the Hue joioiog 
thQ centrs of li plrmat, coTuat, Of satellitfl, ta that of its priniaiy. uaunUy given in A.Ue. Thf ApmU* {plural of apeia) are the 
extremitiM of the major aiis—tha poilat* of perihelicin, apbdiom perigM, . tho A™ of ApeidcMy that ajia OLCundod indeapltdj. 

7’ii^ ora the pemtfl whara a plftQSt's or comet’a OrUt ilitereectfl the Ecliptic on the flUr aphora—ua;., whcQ tbeol^ect U 

iu the Ecbptio plane :^where tha object croEMsa from S. to N. ia the Jiccndi-n^ iwdtf ( Q h ^ S. ihe I>eKendtnff nodi (JJ ], 

The JTumtd^ [i™] (v} 10 the oetojll pcrihelioo-focus-planeL angle, mcaannid in the dbeoUob of tho ploncPi motinn ^ the M&m 
An(mcdy{M\ that angle ealcnlatod for unifomir not actual, moticin : the JM is d from it, M**f^~emhBfL 

The Etemsnta of an Object art seven faqtora toquired to dEtermine faj Pnaitiot] lb space ef it* orbital, tha Batni-bujor axis; 
a the feMnitricitj I 3^ the inclination, to the Ecliptic : 4, tha longitude ef tlie ascending node ■ ft, the longitude of the |)erihdLion : 
F-oeitinn of the object at any the orbital period j 7. epoch {pomtion St a known data}? or. lime of jMHihElion paea^ge. 

These ore the or Fiitid Elements—tha objeet'a relation to ita primBry, thd Sun, ignoring other planets, Thi 

BnrweniHc ard those referred to the BaTyetnirt, or ceutn: of mewtf of ihe BoliJ- System^ instead of the Sun. which give a 

bettcir AvemgE orbit—though the halioCftU trie one oorTBCted lotpirtodfotionM (diatnrbancea) by the other ploneU is more ftMUrato. 

Osi^idating O/bit is that which a planet or oomet Would puhSUe if. At some apecified Inatant. tlie Epwh <f OiSUio^iOn^ all 
the pLajietB ahould ceaso to attract that body, and leave it free to move undccr the sttfMtion of the Sun olonik 


■ In ati rilipitkal crldt, tb* Boda-perthelion-nedB *ngL# U idway* Iwi. In degiw, than nod-MipheticD-nDda. but the ihStnnea it triitog 
U Ibg eccBEtrichy b imall, « in the priudti-iJ ptariflta AIm b plau-tt attadna iti muinium heli^aitrLe latitude ttove Lbcplaav Ibs 
Ecliptic, halfway btflw«ii iht node*—at abvtlt longitude, for tl« pnouilAl which Lave nearly-H?ir^nilor aftiiti. 
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PlanStaiy — Tbe Period of a pla&L'fcj iLi trmij period of reTolntioii round tlio Snn, 1 h the tizoe 

it lA^ei to make a complete ciroait rouia-d tLc atarapliere^ fmm hLelt to &tar ju; ieen from tbe not the Eartb. 

The S^nodio or Ap^(ir(\ni Ferwd of a plnnot is the interval oi seen/rom ilie cen^irtf^ hctwewn aqoces^ive 

oppositiona (or poojunction*) wlih the 8un ; or^ for r qatellitep between aaccesaiYO similar Blonj^atioTisor coiijunctioTift 
with it-i primary. 1'he Period 19 the interval from any point in a planot^s orbit to the same [Kwnt aj^in 

—lor instanco tiEt-wcen aiioccesive ratiarng to puriheiior or to aphelion j. tbia period^ and niaD that of suceeaaive retuma 
to the same tiode, li practically tiic same as tlio planet^* aidere*-! penod. 

The Synodic period dtionninaH the ditaa of oppoHitiQit^ ccnjiincEiop^ th? Sidereftl periodp thcra of tbe opening and filOfting 
of Satura'a rings^ aLea of the rsciurQuce of a plaoEfa gruateat N. or latitude—impottnnfc for ghflerring MeirctirT. 

Secular Aceelerfl-tlon.—An apparent aho-rtening of tbe periodfl of Sun, MiX^Rp and plauuta, na compared with thoafl cat- 
naUtpd DTI the hflida of uniform motinrt—a Eh^rtaftiog aa miuuEO JW tn bo oaty detectable in ^aocular’ periodflp those of the 
order of a ceiotaiy; It la erpre^d by the nnmlter of seconds of *rc pet ctutuiy the abject is eheed cf the uniform-motior poflitioii. 
ft ia edtnplcvt to aopj^oMi that the [Xf^rioda do bct ohati^ but that our day., tha nnlt pf moAuqTament, ii-'^towly tergthfvniog (ftiirtly 
through tidal fHetiou) by news l/l^K)0Lb of a second pot centuryp on the average an that after a CCtitOry ths qnmber of days in a 
ywr h a fme-tion Iwa than bafore. of the 3[acni''9 aweleratioTi, however, ia due to other cau»as than the lengtbening day. 
^KJMfur of Iht Mixm, about ItT per CdULury {i3S7 sideraal naoDths); of rAa Suvl, al-KJiit !'"■£ per century. 

Botation Periods.—The Sider^ai rotatioD period of the or of a planet or Batelliwj its true peritHJ of asial 
rotation^ is the interval betweran a star'i aucoesaive rettarna to the aame meridian on the or planet^s surfacCr 

The 5yfl^>riic or Apjn^rent rotation period of the SuHj or of a planet, Ja tb* int<crTjil, Been from tlm Earth's 
centre, between gucceaaive retnma of a meridian on ica turface to tbe centre ol the d 3flCr e apparent mtatron 
period A of thn Superior planet^ merely Tary to and fro a very little on EiMjh lide of the siderpal rotatloti periods, 

Tbe Sun and the plan eta—17™ us ftic*pted—have ncltMdly the Fwvmc 'diHiCt^ rotatioa as tha Earth (frum W. to K Ji-olring 
Boutb), but to ue Jira essn rsvaLvlngfrom 3L to W.^ because the hemisphere wc aeefb^in the oppoaita diTec^tian frDin our bomi^phere. 

The fitjulnoxes and Sulatlco^^^—JrA# Prtmci^ an-i are two days in the year an which, evtjrv- 

where -on iho Earthy day and uli^bi arq a<^iial, whence the same. The iTistant wheu ibe Sun croase* the ColcatijiJ ec|UQtor 
into tbe N, Coiestial homLsphsre, on !^rch 1^-33^ determlneB the Vernal or Spring uijuiLoat (alaothe aolar ycaT^ p, 8); 
this iciaLtknt fUfliy be dietinguiehed aatbo Vernal equinox, in contraflii to the moving conventional Verunl cquinaic 

uatd for R.A. The Autumnal equinox is on &if about Supt. 23, when ho reercase* into ths S, CclEarial hccaiiiphdtt!. 

Solttica are on the longest and Bhortc-it day* ef the ycar^ on or about June 21 and Deo, 22^ wbou the Hqn 
attains his greatest angular diatAnce K.or B. of the Cclf>atiai Equator^acd ^ELande' for an Leiataiit before turning back; 
the Equiao^ccs and SoJati-ceB alwajig. keep to tbeao dotes^ by tbe Leap year arrangonsent^ of tbe ealfiiiiJar, Tn the South 
Lerre^tial hemiapliure the daaaoua arE- reverwd, Sept. 33 being the Hpring equinox^ Dec. 23 the summer aoEstice. 

PreoesSiioii of the Equliiox.ee ^ the annua] oooqrronoe of the (liTerall vernal equinox, about Mar. 3Igc, nearly 
20i minutM (1 ^'25,800Eh year) bciore tb* Earth baa made a cowi^^cCff orbital revolution munti the Sun^ bo that each 
j-ear, at that Lnacantj bn crosses the Celestial £4|u.aLor at a eligliLly different point. 2^,800 years will elapse before ho 
agzkin cro^aefl at that point. Aa tbe reault of preccaslon^ every atar—except thoBg le$fl than 23 from the Ecliptic polsa 
—paA6C-£i throagh every hour of It.A. from OL iq 34 h., oaoe evory 25,800yearfl; alao the Deciinatmias, every 12,900 
yenrs, awing to and fro 47* (23|-* ^ ^}p changing the utars vuibJc at a given place, or Reason, 

PnedcaSLC^u is due to a twntmuaus minute tilting of tha Earth'H oxer by the S un and Moon,, which coubcb tha Csla^bial poloa and 
eqnatoF (aLwayH ovurhead at thuao of tha Eurth) to change chair pSaoes continucualy among the Htan in harn'mny, ad Lbat each 
SUOCW^flTfl moiEBut the. ColoHtial equator interaacta t]\o lk:liptEC at a slightly ditferent point (in tha opposite directioD to the 
Earth's firbitaJ motioq) of the one It wou^d occupy if left undisturbed. Thus prece*aioii ia cootinnoufii, not a yearty jump. 

The tilting ui the n^uU of the bulge at tha Earth^s equator^ inebned ccndidcrably totbi^ j^lnno of her erbit mund tbe Sun, 
atth also to Chat of the Moou. Hair of tbo bulgo \b abova and balf bolcw tha plane of the Earth's orbit, part of it conaiitefahly, 
and thip Snn^a aod lloon'i pull On the atavated (cw depreMcd) portion oEiarvat tbEm is strociger than their pull on the more diRtont 
dapl*es-=jcd (OT slavacad) portion opposite. Thia tsud? te tilt the Earth’a aiis towBrdB the attracting body, And^ hy Ehe gyroscopic 
law applicabl© tfi the rapidly-TDtating Barth, cauwa the Eiwth's ub (which would cthcrwiBe always point to the same poeitjon 
on tha star aphcre] and the ^leetial ^wlca to mioJts round the poles of her orbit {i>., those of th^ Kclqitic) in om\a dUteiiC 

Ebctn, end iia s poriod of yoam, displacing tho Yumal Equmex in the apposite direction to her orhjLal motlan. 

The Amount of Precession^—Every day the Celestial equator interaecta the Ecliptic at a point about l/7th of 
a second of arc W. of the position the day before at the same boo^^ bo that E.A. ia meaeured from a slightly dijTerent 
point oa the star sphere each day, and each March 19^32, th« Verna! equinox is W, of its posltian a year 

before—about 3 seconds oEB,Ar, or 1/37 of the atiguhyr breadth of the MooDj or 1' in 71 years, or 1* 390 per century. 
Tho* thfl First Point of Aries—which some 2200 yoard ago waa in theoqu^tellACion of Arics-^b now 3D’ to the west^ 
in thu constellation of Plscoa Biblt charte sooner or later cease to give maaonably Accumta positiensj owing to tbii 
change in the Ecra-point on tbe Ecliptic, amenuting to a whole degree, or two AIoori*bre.fld ths, in about 72 yetirii. 

En Star CatalDguaa the precesikn in ILA and Dsclinationi rEpresenta tbe M-ordihatea of the total annual linear precesriciia] 
motion of each star along the Ecliptic- j^ear the OelesEial polos, the Gfiiics maka it seem very groot, but na ngajnd* actual 
change on tbe bUt aphera they are mialeaiiing. Among th&cloaely-tpowded naarly-converged houivcixclefl of R. A near the polea^ 
a movom&nt of many seconds in li,A., tw moaaarod. along the very small iJeclination paralfels, la only a few aeconda wheo 
converted into Equatorial gnat^irale meafluro. In conrErtinia a star portion for pteensaion, add Hit* ivnuf vn/ht# tunm 

* At the SoljtiUid FduUv p. 3. " 
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Nutation^—Til* preoeMioDul path trac&d on thja atariaphere bj the CelftjtiAl Fola in a wavy lino varying ulighttj 
from a true cir*]*. Tliia irrejpalaricy is called bfiing, ita it a 'mjdding' ot tLe- CelA 2 AtlaI polee to and 

from ham the Ediptie FpleSr and though minute—about 9”“ on each sic] a of the mean, or 18" in 18| years—perceptibly 
modifioa the preceadoual displacement in K.A, and DacHnation, The Earth's axis pflsaee the mean poELtion about 
3800 times in the 25^SOO-yoar period. Nutation ia du^ to tta Moon’s being aometimeH aboTe and Bometimes below 
the EcliptiCp and so oot always palling on th^ fhLrtli’a eiiuaturial protaberaiLce in the aame direction as tbe Sun. 

Tho abq™ figurca for natatifiTi giva ths Nuiaiio^ i-rt Obirquit^—thn total motion of the CelEatial PdIeb to and ho frcini ths 
Ecliptic poltHv in i^d. is ita oo-ardinato mcasm^ alcmg tho Celoatinl eqitaUjr ^ and in Itonffitude, 

or tha of ihf ^ij-uinoxeij ita cOH^iidinatc meosuired atoDg tbe Ediptioi 

VariatlDll of Latitude.—Star DeolLnations BhoTv minute irregular cyclic changes up to 0"'04, due to the Earth^a 
Poles wniidLiriiig round her mean rQtation-Bxis counter-olookwiie—the wunbined PeauSt of perioda arialug (rcitn (ii)tliat 
Bjris dEfTctiug from her aiiM of hglire (432 dja.); (i) Tnetwrologioal changea (lyr,): mai. deparLuro from mciiii, GO It, 
Primary! Satellite- —Two (or more) eele^tiB] bodies which revolve round a common ceiitrc of gravity tra 
f^^^tcedly coAtMcicff i the Jarg&r la the Ft<tNhir|ir (the Sou, for planets end comets), the smaller^ the —or for stars 

the CorrtjJrtrtWi^, which imptles visunJ proximity, but pob necsnaarily phyeicai Donuoclion. Btara witJa motions? aiepdar 
in litnount and diroctiou on the atar Ephera (Moving Clust-ena, p. 11)^ arc also taken being physic-aLly cotiucctcd, 
Ph3-3e dunoCiOa (a) the extent to which the disc of the Moon or a planeb, aa se&n from the Earth, is lUumiuiHi or not 
illumiueti by the Sun—In the latter oaae, Its Dark Dhoie, or D^act t^DluminAlioti. (6} Appeurance or cDufiguratieu, 
ws in the ^Phases of the eolipBe? of JopiLcr'a satcUjlct'; AApini is also used in this seuse. (c) The ^tagt^ of progress 
lowarda maKimum or minimum of a yariahlB star, -hdouatSfig the No. of days towa.rda the former, - towards the latter, 
(cf) Ill aoy pariodic phenomenouT the fraction of Its jjeriod which hae elapsed since the Imt occurrence of a given aspect. 

Z> 4 jrilf'A;uc is greatest in the Superior planoti when they arc in Qaadmiure (□}, t.e.j EO" longitude (or GL R. A.}^ 
from theSuD, and therefore on the mE^ridian about Sa.m, or Gp,m. As phase decreases with InareasiDg distance from 
the Earthy it U ouEy obsermble on Marsi, which becomsa not quite a full disc—and on Jupiter, to the 

extjynt of a slight shEidt^ along the llmh furthest from the Sun. On the ochar outer plflucts it Ls wholly unmnasufable^ 
AlbedOl-—^V'hun ^utdight falls on a planet, part is absorbed, the real rcdccbed: the Alheilo of the pEanet le the 
ratio, to the total auulight received, of the light it r^deots in all directlous : this cauitot be deterinlncd from IilU phoae 
alone, and dlOfcrcnt fommlia give rather diffErent reaulta In fiomo c.asej^ see the Table on p+ viiL 

gefraetlon.—AH observationBof poaition have to be eorroc-ted foe atmospheric refrnetfon, which raises a celestial 
object highflc in the sky than its tnap poaition, by lolEy at the horij^n, decreeing to-0" at the s^nith (Tablep* x)- 
AbarratiOn*—The viflloqity of light Is not inGnite compared with the Earth’s orbital volocitj, and the two 
velocities eombliaed results in a smaU variable displacement {max. 20^’'47 ou each aide) of celoFitial objecta from their 
true positional the Barth's rota Lion causes a lesser aberration. At the end oE a aidareal yoar^ however, a dxed star 
rsturnE to Ita original place, hp far aa aberration is concerned. 

App^&nt; Tl*U&—lu asLrmiomy ^ things are not whst they seem,’in literal faeL Movements actually seen, 
and poaitioDS read nff, by th-ftoh&ervee, are in general not the real movemeTits or positions, owiog to refraction, aberration, 
Eartb^B orbital motion, Ac.* and are therefore called jfp/Jarm* or observed inovements or poeitione—Apparent Time, 
Noon, E. Ar^ motion, ic. The JVbiJ (real) valoca are 'reduced' fr^m the apparent ones by eli mi Dating the efiecifl of refrac¬ 
tion, and other laeto-rs modify log the actual valueH, but aomatimea ^True' ™ ‘Apparent,’ *w in True Time, True Equinox. 

Epoob.—The date for which on ostrouonttcaL catalo^e, chart, or position, ^e., hoc been c&ldulatedp ae^ adouer or 
later:^ pTuccssion, proper motion, paixsapbibly chouga the positions given, and oomparicon at future epochs would 
be of littlo nau without this date. The uaual date ib Jail, 1st of the year \ that oE 1E5Q in a standard cne. 

Ephemeris (plural Ephemerides). Auy Table of calculated poutioca, ij^c.» in connection with a celestial □bject. 
The Ainisricdtk eorrcBpoiida to the British AfT/tanoc, and has some Tables not given in the latter. 

Equati(>tl^—A ?Tpall ugrnegtipn ou the figures actually observed, to eliDilnate instrument*], ocular, and other 
imperfections, grouped fngeLhcr as Err^r ^—i.e., errors that always recur when the obBcrvations are repeated 

under the Bsrae condiciciiiH, and with the same instruments {^ccidlfn^af Errorw ore those that do not recur, as from 
abnonnal refraction, <to.). Also a aimilar enrrection for orbital irregulmrity, as in the of T{m% oud of ik^ 

For the erroru ol tba cya in observing, «ee an inte-nestirg paper in the J.E,A.A.t vqL p. 4. 

Th^ Dertonal Eqwttion of th* obaervef afiTects observations of every kind, and (or refined work han to be found 
bj oipBrfmGBt; the transit rsTOorda of ono obaerver are regularly lato or early compared with thg&e of another observer. 

Colaut^f and Magnitude Eqnaiion^ see p.l7. Transits of the same star recorded in the bourg after aunset and 
befora MinrUfl, respect ively* tslm seem to require an equation^ a diflerfriiEfe of some CH5G aecond having batsn notad, 
FuniftM^TH tPlI or Clock Stars, are stars the poaitiona, ic., of which havo been meosumd with the utmost enre^ 
And which are used ag rafmrenee points for Ending the E.-A of olhac atarg with less labour The pcaitioias of these 
atara for e*ch dav ig given in the they are called ^dMk stars ’ bcj^use they are used for regulating thocLocko^ 

I>ep3ndoii4;En5 : a short, and aEOumite method of measuribg posittoui on star photographs from tlm Depandane^ 
C^Tkin _an imaginary point, oloae to th& image of an autoroid or planet, the position cf which can be exactly calculated. 









g ASTRONOmCAL TERH3. 

A Day is (») the axial rotation-pariod of the Sun, Moon, or a planet; (i) the interral between aueceasiTe natumi 
gi i □elestiftl body to an obBorrer's meridien. With reapect to the Sun. or e alar, three ‘ daja* are used in aetrunoBiy:— 

1. Tht ardinary SUw Day at E4 hourB—fttriotl? Bpeaking the slightly izregtilikr iDterraJ Irfitwoen HUCceBSive trsnsitB of the TBit 

Sun, but in preetios takan tia tho nuTnrying iototval between them of an inaegiuArj' Moan Sun,' 44juBted to tho 
aoUr Jay, Tho true aoUr Aaj is variable to the extent of SI eeconiJa between the eitrerooa, boLog 30 aownds over the 
TTinnn BolftT Jay ftbout Dec. 3?, and 21 Boeoud* nwler the mettn about Sept-17. A new day or data on the Earth bEgins 
on the Dot* ZiiiM—the uccidian laT E. of GieoDwloh, with devlatione for goographical, &e., rcdieoTia, Jtdittrt Day, p. 3. 

The Lont/etf tf?w/ Sfierfejt Zfayi ate at the SoSetumi, but owing to the diETeranee between Bundial aed Mean time (Itwal), and 
to uhangDe in it resulting &DUI theTwying hour of euneet or auniiao ill dtiiierent latitudea, the dates of earlioat riaiug and 
settmg Tniy faun the actual aolstioos with the latitude^ There are two aarliBstB and lateste in low latitudea (see p, 

2. Tht Sidantll Day (cooTcntionall of 24 eidorual or R„V houra, the ictorf al between aucEBaaitfe transitu, Bof nf a etar but of the 

evoi-movme True Equinox {S3 b. 66 m. 4 0a0!J secs, mean time): it is reailj tha t^vitnietial eidoMal day, used in prefar. 
eeoB to (3) booause tba Sun^a H. A.—being always O' about Jiarebai—ia always about iba aantB on a given day of the year, 

3. T34s Trttt Siderial Day, the interval between Buccasslve tranaita of a star (33 h. 30 hl ■t’OSfXl bech, moan time), is the csac* 

period of the Earth's sikl rntation. Each year it falle botiud (3) by 3'3 eecs, meaii time, or exactly l day tu 26,800 yEsis. 
As this is nearly 1 hour por lOOO yes™, tha stars familiar to us now »S winter, apriug, fa:, stius will in aoulc 6000 years 
be thoBE of sutuwin, winter, &e, 'J'he tma sidoroaJ day ia (irrwgulorly) lengthening altiut l/lOOOth eewnd pop ccniiur, on 
the averags i in bar many, thortsfore, the aidoraal year, eipressad iu dayj^ §/U)rtem about l/3rd aeooud per oactury. 

A Luwr Day, the interval batweon auMesaivs meridiftu trapsits of the Moon, vupica fi'om 24 h. 38 m. u> h. 6 m., 
xnd average 24hre, 61 m-J it doterminei the tide-interval from high water to high watur, which is AuJ/ a lunar day. 

Our Mean I'ioi# (Mean Solar Time) it based on the mean solar day; True, or Apparent 5olar fims, or aandial 
which varies slightly from day to day—on the Son's actual southings; ^itlxrtal rims, an the aidereal dsy, 

The Year._^The Silar, or TrapUai Year (3G5'2482 solar or dSd’2133 sidereal dye) in which the seasiiiis 

recur, is determined by saccesstvs returns of tbs Sun to the same oquioox; or to the same ‘tropic’ or peint. 

tbs point on the star sphere whore he attains his g-poatest distsuee N, or S, of the Celestial nquatar, on mid-sunimeror 
mid-winter day*; ‘tropic’ also denotes the Declinstioii pwwllols on the star sphere pacing through^tho solstitial points. 

The Sidetvat Yta^ (366'll5fl* days) is tbs in larval bstwosn suocenivs conjunctions of the Earth with a star, as 
seen from the 3uii; it is the true period of the Earth's orbital revulotion round the Son. (Solar year fB 20imia. Itaa). 

The Year (365'2596 days) is the moan interval between the Earth's returuB to perihelion about Jan.S; 

Drs it varies a dav or two on each >ido of the mean, periheHoo may occur twice in a oalEiidar year, or not at all. 

The /M/ian Vsar. used iu our calendar, has cxaetly 36B-25 (SeSJ) days: the fraction is adjusted by having Calendar 
Year* of 366 or 366 days, the latter in every fourth year divisible by 4 (leapyr ), All years have been Julian since the 
Julian year was instituted in 40 u.c., except M 1582. which by the Gregorian revision of that year had on y 350 days 
{Britain and its American colonie* substituted 1753, which had only 3B6 days instead of 360), and (i) 1700 1800, 
1900, pestricted bo 365 daya by tha now Qregoriaa rule omittuig leap year in century yewt not divisible by 400. 

The £itnav Year (354-3670 days) of twelve lunAtlons, used in the MahommedeTi ealendftr, bas twelve months 
of 39 or 30 days each, based on the pLai*, or 6r»t objcrvation, of each Now Moon; it may have 354 or 355 days. 

BiwD* Fittiiion* Year, used in the iV.A. fllean Star Placss, begins at the instant when the Stm’s apparent mean 
longitude ia 28D', on Dec. 3tat civil date (in tho N.A, ' Jan. 0,' to which it carTesponds), or on Jon. Ut. 

The Ddipt* Year (346 6S00 days), the interval between suoMssivo returns of ths ."^un to the same nods of the 
Moon’s orbit, is the period of poasible rtDunoate of both solar and lunar eclipses, which can only take place when thess 
bodies are within a small diataaeo from the node. 19 eclipse years ars 6565-78 days, almost sxeetly the sams as the 
ancient ‘3ar«' syole of 55S5 32 days, (13 03 yrs.), the psriod after whirh ths same eolipm occur regularly for centuries. 

A Planef* Year denotes the period in which It oomplstes one orbital revolution round the Sun, 

Lunar Months -?'As Synodic Month or Lunaiian (mson, 25-53059 days), tbe period from New Moon to New 
Moon, or between similar phases, varies between 29^ and 29^ Jays. Now Moons recur on tbe same ^y of tbe year 
a very years (subject to leap-year disturbanoce)—the nocient ifstonie Cycla of 366 Junntions, or 694l> days But 
four cyelM -wore found to displace recurrence a who!* day, as 23S Innations only amounted to 6939^ days, bo tho more 
accurato CaUippio Cycle of 5969J days x 4 was framed, which adjusted tho error on the snine pnnciplo as leap year. 

Thi Anomalijiiia Maaih, from perigee to perigso, 27 65459 days on the avHrage, is tho period of the Moon's cliauge* 
in angular diameter and laminosity, as aeen from the Earth; it varies a day or two on each aide of the mean. 

The Sidereal Month (mean, 37-32160 dayaX the period In which the IToon circultB the star sphere from trensit at 
tihe samu infl-tajit lui b *tar Juwk t* fccinait at the fl&mu time with tt again, is n-lso the ahor^torm period (p. 33) in wbic 
in ogeiilLation may rccur^ or in which the cl&ae proadmity will again hinder tha ohaervatipn of a slars 

aTM?icaJ i/dfiiA., or £}racimiivi Feri^ti tmetto, 2V21 3230 daja); froiti a node b^fc tq the »ma node agaan, le ^ 
the period in wliicb the Moflu agaia attaina bi?r j^rEittest diatajiaa or S. of tho Ecliptio l it vtkriea from about 27 to 3 f J 
dftTa. Aa the I^foon^fl node* travel Tveetwardi along the ISclipti-o fiboot 1^“ ptr idodUi, her path awespa omopletuly 
round the star epbore in aWt 18| jeare ^ tho IijJiptLo therefore ropresentfl the Moon'e path on the star Bpboif& 

The rr<tpical tVonlh (mean, 27^3316® the Mpon^a period from canjuuctioTi with the Tmc Equinuj: ba^jlt to 

wo junction agnin with t-hnit Equinox^ ia the pe^i&d flrfter whidi the Meon hna again the fianae long-tnde- 













AsmoyojfiUAZ terms. & 

Sldfir^l Tiiub, uB^d for niMiuring ia the intervals io sidereal lacfnrB, minateap and aeffonda, ainc* the pre- 
c«dLt]g merldEAn paasage, at a giTeo pIaHC&^ not af a ?tar but of the Tme Ef^uiuox or First Point of Ariea; each aidereal 
bQDria 1/24 fch of the avcjragB LnterrHl {see belowj^ and 9'83 *eca. mean tima ahurter thH-n. the mean aolar hour^ mfiking the 
nderea] daj 3m. 55’Sla. i(m6aii timB) shorter than tli& mean aolar daj, Kach olwervatorj haa a eidereal ■clock keeping 
thin time, to gi?e th* hour of II. Ai on the meridLan at any time- fTable p. xiv); at 0 hra. by the cloak, the Trae Equinox 
is on the obeen^atoryi meridian, Ab that Equinox ia> notdiroctly obucrvablB on the meridiaD-, theolookis regelated by 
obeerring tranaita of ■ clock * ata-ra (p. Tj of known position, given in the 

Siderea] Tims ia thaa a ^sider™! timet inesanr^ from, a^ fceoping atop withp the True Equinm of dato, but differing 
from thb Bidorcal tima of erery ether observatoj^ rtoc on the same irLeridtan. Being mea^^ired by a cinch it ► UDiferm 
timn, but it ih pot Si(Ur4ftl the mtor¥ftl between aucceaei^o tratiaitti of the True Eqiiiiiui beiug alightlj irragulor; 

ths diDdrePce from the ciock time, howeTer, ia too amah to oausB practical incanveniencor 

Z7tii/brtft or J/iem Sidiriai TijjiM baa lLp aame relation ta ordinary Bcdpreal time aa Mean Time hag to TmeTime- 
It ia meaaared from the Main equinost of date^ instead of th* True equinox ’ the difTerpnee never eicoeda ± 1'2 aeoa- 
Ttma, shoiirTi by ordsnary olo^rkap ta theintcrTil filnc* the preceding ‘mejni midnight,' or inatant when, during 
thft night, an ordinary cloak, cornM^tiy regulated to the mvemge lEngth of the mean aolar day from nnon to noon, abows 
13 hra., or a 34-hour clock bIiowa 24 hre. ATflos ia th* inatant when mean time clocks indicate XI1, at mid-day^ 

Elach country ha* ita own meridian for 0 hra., (see below *ytAndfirrd TEmfi^J, jl/fiim Tlw, see below. 

Apparent Time or JVm Tima {solar), in Si^n^UU or Lmal Pijsm, bajaed on tbs observed interval {varies gHglitlyi 
p. B) between two aucceaaive trausite of the Hun's centre at a given place. These- dilTcreoaiaj by accumulatinn, may 
mount up to + minutea from thp mE*an interval, thus to obtJkin the irue Lqn^l Afeun Time, a oorrection called 
the 0 / J''-tTne haa to he added to the True Time, or aubtracted r tlii* ia given in almanacR, ao-Tnetimea on the 

■undiftl p. 3 uL)l Th* Sun and dock agr&ia, however, on or about April 15, June 14, Sept 1, and Pec. 2A 

Astronomfcal and Civil (Mean) Time-— Both begin at midnight, the former starting at Ohiu., the latter at 
12 a^m,, and art the game till noon—in Civil Xime ISp^m., when the houra b&giu again with tiU midnight. Put 

Aatmnomidai Tim 0 + to avoid oonfuaion with a.m. and p.m.* continues IShra^* 14hra., to 34 hra. or Olira,^ midnight. 

Interval between two Phenamena.—Till Dec, J3b 1924,. the aBtropomiiMJ day ran from noon to iwo'D, sothat ita last twolvi 
facnrn were in the foliowingf civil clay Aa thia cau*ad canfuaioq, on Jan, 1,1020, lb* astronomical day beeping waa put hack 
twelvfl htaurs^ to coincide with the edvi] day. Henco in tiudtDg intBrruJHj one before and the other after midnight Deo, 31,10S4, 
to ohteiu the truo Interval, It h€tir» vrnjtt bs df.<£^ciad from the appivront intorval atrivod at from the A'A, datra- and haunt 
The bBBt way to find long mtervalj ia to convert the datoe into days of tbe Julian Period {«ee lidow) by the KA. TaUcK. 

Un!v8rS8l Time (U.T,, T,U.)n [Britain,, TiinA ft^.Af,T.)y Germany, TFflJfsfflif, World-time, 

•denotea th* Mean Time for th& m-cridian of Groenwich, starting at midnight for both Civil and Actronomioal Tima, 
Outside BriUiu^ Greantijich C'lvU Time(G,C-T.) waa often used for this time till tbp l-A.U, adopted t/.T., 1^35. 

Mnou to noon aatronomical tuna, whan raquirodr ia deBigiiatEHl ff.JjT.a.-r,—Greenwich Mean Astronomioal Time^ 
Standard Time u »n jnteimational arTaugeirieiit for faeilitatipg juter-oonnmanioatiop, whereby (li)QT^nwich 
is bakon as the universal Eoro of longitude and tims, and fb) the oiEcial mean rime of each country or largo district 
dlSere froni Greenwich time by an exact multiple of half an honr. For the various Standard Times &cp almanaca. 
Local M^an Timer required for finding the clock time of sunrise, eautblBgof the Sun, grc., is the truomogin tim* 
o( the meridian of a plscc. On the standard meridko* at a given hour^ the local rim* ia alow compared with that 
of placet tc the E.j where the day begins sooner, but fast compared with thsit of placta to the W,; hone* L* obtain local 
mean time, add, or Hubt-raot th* standard mL-an time^ 4 minutes for each degree the place ig E- or W.^ resptot- 
ivftiy of th* atitidard meridiaiL Thus if ngmg, in other placaa, the Bud rise and Sumset Tables calculated for th& local 
time of tha standard meridian (hob th* S.A.), th* longitude corrccrion must be ffuhlraci^d for E„ itddid for W,, bs the 
phenomena take place earlier and later, respectively, than at the standard kuarldiAq. 

Ligfht-Tluifi, the time taken by ligh t to braveL frsni a celestial body to the Earth at m given moment, baa to be 
aliOived for ^hen computing true rotation periods^ J:e, For the Surtn at mean distnncp it La 43S'BB iods, (B'31 min.); 
tha maximum, ia about 8*^401.^ the minimum, 3'2m. The ebaiErFpd maxima and minima time* of variable acars require 
a -I- ur - light-time oorreation far the Earrii’s poaition, as periods am atatod for the Earth at mean distance. 

TJlO Jullatl Period (J.F.)p med to calenlate theexaot loterva] lietween datfci at long intervals apart, ataj-tson 
Jap^ li 4713 H-CJ.i at noaa. Th* JnliAn Day^ or Jidian Daii (cojicracted J.U.) u the number of days that have ekpsad 
since the beginning of the Julian Period ; a Table in the N.A. gives the Julian Day oorreaponding to Jam 1 of each 
fourth year from I P.Cr, whicli tb& Table calls 'x,n. O'- Tn ordinary chronology^ A.tP. 1 ii the year following 1 B.o., and 
sfl there is no E*ro year, when b.o. and a.d. ytars are odded^ the reaulting period is ooe year too grent; or, if mbtracted, 
one yeair toe little. Calling I n.c., 'a.c. 0 (aatronDmicaJ)^; 3 * 1 B,e. ^aa trait,),' and » OH, get* over the difficulty 

For aatronomlaal purposes, declmali of a day are employed with the Julian Day, inatead of hours and minutea, 
as addition and subtmotion are easier; thus Jan. I, 1936, astronomical time, is rtat*! as J.P, 3,424,517^375, 

reakoned from noon- But tha Julian Period being still reckoned from n-oon, not midnight, note that all aitronomieal 
hours lees tlaan 12 h* 0 in. (or ’5 day), still belong to the Julian Day the civiJ date- Thus Jan. 1, 1226^ 9 a.m., 

aafcfonomlcal time, la J.D, 3^434,BIS'67Bj t.^., Dec. 31 192B, 31 hra., of th* Julian Periods (DeeLmali of a day, p.iv% 

Q * SamfitiiD3fl J-A-D.—Juljan AjinmomiAl Di.J^ 
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m. THE GALAXY AND THE STARS 

Tho GHJactIO System-—Though Hagadoiia conjecture* a* Mj the Htmetore of tho Universe ha*1 beea previouisjjf 
tnade, nothing t»' 4 wi known from observation till 1755, when Sir W. Harwliet cono1iideiJ,from the distribution of the Etart, 
itid the rdttlive masnitudea of the brightest and faintest stars Hofin in bia IS^ inch telescope, that the GiJftsy waa in 
the farm of a thin letis-shcped diw, slit at one end lengthwayB where the Milbj ^Vay bntnehes. Its length hs stated 
as about six cimta iu greatest breadth, and he bslieved that tho Snn was near its centre, but an nothing was known 
of the distances of aven the brigh test and therefore preaiimBblir the nearPEt stars (eieept that they were greater than 
that corfesponding to 1" annual parallax), he could only state the dirrenKioiia in what be called ibe'un- 

ktiown) distanco □£ iStVinc or on average first naagnitude star j this could be converted into actual dimenEiooa when tbe 
parallax became known. Expressed in modetn units, Hjerscbel's dimnoainus are B3t50 light-year* acroea, lOhn througli- 
VVhen, however, the dLatauces of the Magellanic Clouds (p. 13 and extra-guluctic NoVmlw became kuowiit our 
Universe was found to havu detluite limits, and to be merely an ‘island universe'—one oat of millions of flJmilar ays wms 
separated by dklanom of millioDS of lighteyears. Our Calachb SyEtem—containingaome 30-100,000 million item, and 
perhaps larger than the othera—Beeni* to be in the form of a Jcuo-ihnped dine some 100,000 light-years in its grealeat 
langth, and some 6000-10,000 in its creaiieBt thiokiteoS) with a spheroidal centre perhaps 15,000 light-years in diameter,* 
The stars are greatly condensed tawnrda the galactic plane, 

Tho Galaxy ie in rotation round Tin Gidaclie Centre, some 30,000 lightryaara from the flire, in Ibo denEs Btar^kuds 
near the junction ol SogittariuE, Scorpius, and Opliiuchua, about galactic lai- 0* and longit, 35S-3S0' (Map 12)—thete 
is no flvidenw for a oantral f?im, cd» thought probable—and thu rotation periods of its membera decrease with 
dUcance from tho centre, those near the Eiun being about 225 [niilioa years, at a speed of some 275 km/secs, 
(171 m/aeca.). The Sottitvmtd Term of tins Galaxy is the rotational velocity round the Galactic centre corresponding to 
a giTcu distance from that centre (but may bo used of any terui arising from galactic rotation): being propartioual to 
the distanca, it can bo found by measuring the intenBity of interstellar lines, {p.23 ; eee P,A.O., toI.5, 1CS3). 

Nova;, Wolf'Hayct star.T, Copheid variables. Planetary nebulie, the Gbecqu* nebul*, stars of Types B and N, and 
ecllpaing binariee, eIiow an onasually strong preference for the M ilky Way and its neighbourhood, while the Globular 
elostere and Extra-galactic nebulm seem to avoid it—now bfjlievsM to be largely the result ef tho opaque matter 
being distributed more thickly in the Galaelie Plane, similar to wbat is seen in spiral nebulw viewed edeewaya. 

It is probable that our System of atars, globular and open ciuBters, gaseous nebulas, and dust clouds, is a epiral 
nebula, somethiug like the Gieal Androuieda Nebula, with local coDdenBations in its arms, in one of which the Son 
is iituated a little above the plane of the Galaxy—the Galaxy being a ‘small circle' of SIS' (Stnive^ 

Meiitgdiaciic is space outside the limits of the Galaxy; A*MgalaeHe Spaee, that within its limits. 


IntopsteUa,!* Wattop._^The space intervening between tbo mem her* of onr System is not empty, as was once 

tbongbt, blit is ocoupiod by matter of oiceetling tenuity —which has been computed as being of the order of 3 ouuckb 
per lOOO cubic miles—rotating cm the whole with the general System, and revealing it* presence by ‘intereteltar linca' 
(p, 23), and _near the Galactic plane, where it is den-ser, tliough elsewhere mostly evenly distributed-by light-absorp¬ 

tion, which reddens the ateiw (p.23). There are also vast opaque cloud*, probably minute dost particlcg, to which tba 
irregular breadth and outline, and the rift* and gaps, of the Milky Way, also the dark patehe* elsewhere, are partly due. 


The GalflOtlO Plan ft, pausing through the central line or eijuntor of the Galaxy (Oalactie lat O'), i* cf 
fuDdamontal importance in stellar study, owing to tha peculiar distribution of various classes of objacts with respect 
to it (sBO above). This plane la completely dofluod by the position of its K. pola, but authorities vary (ecc below). The 
I.A.U. (1933) recammend an the Standard System for atatistioal purposes, If.A. 190*, Dec. -K28', 1900 (OhUson, practi- 
callv Argelander's), For Satecied Areoe, Harvard uses Gould’s value ; for Galaetio Charte lT-18, theStandard iswEed. 

* The Qnlactle Equator.—Authorities differ somewhat as te its eourae, as ie not unnatural owing to the very 
irtegubr outline o£ tlie Milky Way : reference to the rough outliue in the Etar mapB will show that in acveral place* 
the Galactic equator come* near tho edge of the vuslhle Milky Way, the obnorved central line of which averages 
abfjut I' a. of the actual equator, Newcomb’s posttian for its N. pole (see below) mclndas the ‘braneh.' 

The North Calnclle Pole is about I'W. of 30 Comm Bcr. (Map 9), where the cxtra-galactip KebuJie cluster thickly; 


the Table gives various sstimuicB (dates not epochs): tho S. ia near nebula E. TI 20 SScalptoris (20*, Map 4). 

*. AiuUdeIIj. as. - U. B IW. K. iuUmrUji K-A- k ■!. Dm. S. 




Hcraahel, ... ISii' (12 29) 31' 3tf 

Argelsndcr, ... 190’ {12 40) 28" 6‘ 

aiorth (W"2) ... 190" (32 40j 3<P O' 

GeuldtiTld., ISTfl) 190|' (12 41) Sr SI' 


Sowoomb a9C>4}19l' (12 44) 2G‘43' 
HertEsprung(l01S:i]ElorO2 43) S7" 12 
Walkey ... (1914) I91i"fl3 4i) 27* O' 
Qratf (192l)}102i"tJ2 49) 28*43' 


Gnloctle Longltviilo.—The usual zero is tlieintersHction of G:ie Galactic Equator with the Celestial Equator about 


ISh, 40m. If, howevur. tba galactic meridian paaaing through a star with almost no proper motion, as a Cygm, 
were adopted instead, aa has been proposed, the precossioti of the equinoxes would not affect the galactic co-ordinates 
as it does at presen l^-obvionaly a great advomage, unless epoch 1900, say, is kept as a permanent xero. If the galactic 
longitude t)f a Cygnik made 0"{I.A,U., 1935), about 51' must be rloductecl fpom the galactic longitudea measured from 
the upde of the Galaxy on the 1900 Caleatial equator. Charts 17,13 of this Atlas giro both Gslactic and ondinarj Do-ordinatea 

* Pl4uk«t1^ Lilian, 
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Till: STAlt^. 


Thfl Kilky WST Ol* GfliiflJtyp of mill ions of minute obtiervatio'nfliliy fia-fm-iiia great ring" ea. tending 

rieht ronna atnr ipbew, inslineJ bW 31* to the Ecliptic plitne, nnd slit leu^jtbways at oao pivrt Tt ia brightest 
U Ovcnua and AquUa (N. HemisphereX in acorpius and SiigittariiiB {S, HemiRphcTe), aad famteet in xMoaoceros. 

^tween Cj'-ims Biid Bcorpma the Galaxy forms two narrow parallel banda for some 110% then it is tctj much 
broken up and complex for a (ociidcmWediataTii^ but brighter, mpecially in aagittarLUB. where the indiTidual at*« 
in the star cbud* are aodenaely paeked >a to be indblinguiahabln (not well aaeo in European latitudes, ae they south 
lew in mid^tinuner). In Argc, near CanopM (50*3.), the Wilky Way ia (visually) completely divided aeroiw f(Jr a Bhort 
distance, but near CanU Major it again becomca a single, thougb fflintcr band, which narrows to fchout 
and broadens out onee mom in Perseus and Cassiopeia; its very variable width aTemgcs IB , bot in placaaiiis iO or au . 

The Coftl Sask. a mniorkable gap (atarleas to the naked eye) in the Milky Way, near the foot of Crux, app^ra 
like B dark abysa in the surroundiag brightnesa-largely due to contrast, as, in a photograph, the arm is much brighter 
than in the uoi^galactiQ regiona in the vieinity. This gap, similar hut smaller gaps in Cygnua imd eUewbc™, aiu 
the Great Rift in Argo, art believed to be due to dark nebulm (p. 13^, intervening between us and the Galaxy beyond. 

StaUsr phctatraeln taken so twdiciBry platM, differ in general from what iaarto viBUfJly, owing to what may convewcntly 
be termed colooi indos eilbct—Ca, sto™ bluM than AO being photograpbically brighter, thcaa redder fainter, than they m 
v'suanv fn, Ifli. Such photos ahow faint B atow bright, and bright il aUr« feint, maldng fMmliw TOnal ^upa unree^isabK 
Photographs of the Milky Way (soctionaJ) art givon in H.A,, vok. 75S, ftOj stbew art in JfifcAftraw (Goca), Hamburg I9S1, 
ud in llmv^bTicA d&r tuI. * (2), - 


Double Stars ars stars which to the naked eye appear aa n single point cf light, but when viewed through a 
teleacnpe arc found to be aemposed of two atmps—oot nacesaarily jhhyiicaily connected, os they may simply huppte to 
be in the tame line oi sight Triplt Sl(w* have thrae, juiidnipia rtan four, and tntdliplt many components. 
Whera one of toe stars is of b mneb smBlIep mugnituda than the other, it is oftou styled > eemss (pluriil comifw) « 
companicn. The most interesting ' doubles,' * 0 ,, Bre indicated in the ^"oc« Bppeeded to each star chart. 

Binary Stars are doable start which are 'phyBically nonneetad,' revolving round a common centre of gravity, 
and not merely chMicing to be in the same I in a of eight, Sjsecfrsseojsic .ffiwariss are those found to be binary by the 
temporary doubling and displacement of the Unas in theirspsatra, although wo close together lobe 'resolved,' i ston 
senarBteiii tha telescope. TUlhle binnry itara have periods varying from two years to many oentunes. if the plane 
of choir orbit is in the line of sight from the Earth, they may ha seen to approach closer and closet together, and 
at last appear to the eye as a single point for a coniiderable period, afterwards opening out again. 

In a binary tystem, tha motion of the oompaniou Is direct whan the position angle ia inertaaing in degreea, and 
Mirflyrorfe when decreasing* Tha amallar atar ia iomatimas aaid to be in ptriorfrcpn with the principal star, when 
actually (m diatinet from apparently) nearcat to it; and in ofXMUtron when furthest from it. 

StAr Clusters small groups of atars, crowd ad more or lew closely together, which in the teiwcopo are 
giorion* sights (see Hotea, Star Charts). -Star Cltud* differ in being portions of the Milky Way itaelf in whieh the 
stoTB ars M elotoly packed as to appear a* a continuous irregular bright clottd i they are most coospieuoua in asgitt- 
arina. In which the centre nf the Galactic Syatem seeroa to be litoated. Star dnaters, proper, are of two kioda* 

flllaftufrtr ClticUrt art globe-ahapad, densely packed martas of itare, thinning out rapidly at the edges of the central 
eondenaatioii, then slowly when the distanew between individual etars has become conaiderabl*; M 13 in Hercules 
(y.G.C eSOB) i» ft typical specimen. Ovat 100 arts known,* tow nearer the Galactic Plane than about 10*, and all lie 
in the region betwMU U^'and 41* Galactic longitude, which icdicBtasconaiderablBeceantTicity with reapect totheSum 
They also occupy ■- place □ppoaite to the majority of the tfpiral nebulss, being mostly in Ophinchos and Sagittarius. 

Open Ciwifs-J have no central condensation, an mora or leas irregular in form, are often aesocinlicd with 
nehukeity, and are meat nuTnerous oppciito tha ngioti in which the Globular dasten predominate. The PrwsepB in 
Cancer- exempliflM one typs, aomewhat raaenihliiig an open Globular etnster; the PlaiiulM, in Taurua, raprasento 
another tvpo, an irregutor, yet well marked group, the componente of which have a common motion. 

J/onitiy Clitftirt or Star Groups a« not elostara in the ordinary sense, but groups of sLurs which have evidently 
iomB intimate rolatioiialilp, as they are moving with aimilar velouitiBS tewarda tha samo point on the star aphere. 
Proctor termed thie phenomenun ' star-drift.' The Individual stars may be in widely iLEforont part* of the star sphere. 
The bast known are the Tanrai, Feneus, and Ursa Major groupa ; the latter includes y, S, e, £ of Ursa Major, and 
the apparently unoonneatsd stare & Tjeonu, Sirius, f3 Eridani, p Aurign, and u Coren™ Boroalia. 

Tha Local Cluster, infarrad coexist from tha study of parallaxes, tnagnitudes, Ac., is believed to be a bun-ahaped 
aggrEgacicn of ataw, likan very open Globular cluster, to which our Gun appears to belong, aad in which he U situated 
a little to the north of its central plane, and some disUncs to one side of its tentrs. Its central plana is inelinad 
lO'-lB' to the plans of tha Galaxy, and ite stars are relatively near us, cocupared with the Milky Way, and compara¬ 
tively close together, while its di am a tor is of the order of lOOO paruci, or 3000 lighbyaars. The ma jority of tho 
briabts* B itera sEom to belong to this aluster, and according to Shapley its apparcub centre is in Carina, 

* Sm Liil in iJ! J,, Tel, J6, sad J/.C.O, 77«, 


J 










THE STAJtJS 


VSLriabl^ Stsirs are those which "wax Anri wane an brightness; there arc many varictjCA, which ai!brd ausefid and 
intereedng stady for amateur ebserver^. The Ampliivd^ Tisoa]^ photogrnphic, dst.) js the range of magnitude 
between maxituum and minim uni. The more iroportant types are given beSow (Sea Notfet on Observing^, p. 4 and 
on NomenoJature, p. Li). 

When a yariabS^ star L&j for the titne-bting, a inorning star, rising ahortly before sunrise,, its ma^iiiiiuiu or minicq^in 
Lb called n ^ moratug ’ one. Eiiaiikrly, kpring^’ ' autumn/ maximal refer to tba time of year at which they Mcur. 

I. Nov^ nr Nsw stara, aim called * Temprary Siam,' suddenly blase cut where no star of that nmgtiitctde hasbaeu known 
beforej butflflOTi fade away to a small Crachion cf their maiimuTn brightnc8^^; may be vi&yjil^ ceL^jpic, or photographic, 
and generalty Identifiable with mmo prcrionaly-lniowTi veoy fatnt staf. GharaetcriBtse spectnjnip with tnaniDum 
iBtonsity far ia tha ultpa-Tiolet—eoiuetimcs having hmad, bright, and dark h$nd$ aide by aide, which soon changea, 
following^ on the wholes but with indiviiJuaJ pcnuliariiiag, the sequence det 4 u]ed eu pag!a42, and finally becoming 
identical with that of a Wnlf-itayet star (p, IS). fSae Lisst of Nuvk an p. viiL, and note on KomenelatuTE^ p, ii). 

It ia probably aignificant that most Nom yet dllsoovensd {eucept those in nebulro), Ere either ornoar, the Milky 
Way, and that they greatly preponderate in cun directicn, U Nut® (nnxieini) havLUg appeared from (JT to W" Gaiftctic 
longitude ; a Novas frem. S0“ to lB4r ; 4 Xoym from IflO’ to 2?0' r and Ifi Xcfib frum tn 360'. Ndveb appear in 
Spiral nehql*^ apparently qf two typw*—onlicuiry Novjfe, of abaolute mng- ftbout - ftud ffu/wrnn™, about -15, 

11 Long-Period Vaxiablea, Periods, 70-700 days, raoatly about ^75 dayu: red Htara (Gliknta)i of 11 Typoa or aometimos 
S, K, or E. Range of vAtditttoD osually eeveral maguituideiii pori^^ and maximum magnieude attAlned, are usually 
irregular; rise of msguitude usually fkstUr tbuli thailncruasa. Typiqa] qtari o Ceti (j^lVs); eee Notqn uct Ifap 0. 

III, Irrefful*^ Variables. Stars- of aII typw frem IS to N, gnmetEmna &&iOcLaLcd with nEhular matter + no regulnr periodi 

moat vary only & maguLtuda or two. Many variatica, hut fi™ chief diris^ions :~ 

a. Bed -stara with fllEgbt variatiemH, like ^ Oephei, Aho soma seini-ri^dfli.r variaMea. 

i. R V TditFi Type. Viiriation averaging S magnitudes. Bright and faint loaiiiiLa sotnewhort like the Type. 

Typical stare^ RV Tituri, R Scuti. 

r, iT ffratjfijr»rn. Typ*- Cotiataiat inLaiinuin for many woefea or mnFitbai then a eudden blftaa-up of sctcral tnagnitudee in 
oftojj altomato long and ehort ma-sima, with alowot fall tu a coDatant mitiiinum. 

d, n C&r<jmE Bartalu Type, Normal for mouths or yoara, thEO. dccrejiaea many nsaguitudea, and after an imfguiar intorral 
raturn.9 to normal. Rises less quickly than it fpJls. fSoe "Notes^ Maps 11-12. 

tf. ; quirk rises, like the Norea. limi notable star, n Carinfln, see Notes ou Maps S and 10, 

IV. Ceptidd Variftblea, with perioila mostly lesa than 50 days. 

Ciatilc^i (Jepfitidi. Giautft with a rather sudden rise of Sighi^ foltow-ed by a more gradual fall to minimum ; periods ft’oiu 
a few hoqre (b a mnnth UJf two, but dnisEly about dayi! i range of variation usimlly leia than One magnitudo; apocErilin 
at minimum may be a whole Type lower than at masimUtiL Typical star,« Cephas ; see Kotea^ Map« 3 and I, Cspheids 
Are nf great importance for fading atellar disEaiicea, as. thciae of the eame period hava the same absolute magnitude. 

OepheiJfl are thoae with loss than S4-hr, periods, being found in great numbers id ths globular oJui?tters. 

Y. ^clipsin^ VEriables^ so (lalled booirusc the decr&ise in brightjiefls is due to ec]i|i^ie, at regular in ter vale, by a compimjon 
which may be fainter or dark. 

Ai^ol Type. A single well-marketJ minimum, aometimea a slight secondary one. Typical star, (Notes Map 5)+ 
/^yrap Typs. Two equal maiima, with ft nmall inierveniug minimuin betwwD tham, followed by a lai^ ininimutu: olao 
called on account of the shap* tif their eompouenbs. Typioftl start ? Lyra; aec Notes on Maps 13 and 14. 

VI. Seoiilftr VoriablEA— stars which^ in tho coursu of ceuturitBi have imporeoptibly faded or incr^aed in brightness, of 
which tJiere la anme evidence, Thua the Greek legend of the fading awny of Sisyopi^ cue of thy Pleiades, k probably 
bsAed CD an a^troaomicjil faotf ^ LibiiK!^ and CiUtuF ure other supposed exniuptea. 


TAELB, 

The rough distribution in i>ercen6age by main typos nf semB som Variftblea shown in 
Kulmrkio und FnrEnago's Catalogue is sa fnllowB ;:— 


ClustfiT Type Cepbeida 1ft 

Clashicitl Oepheide 6 

Loug-Pnriod VarUblee 3S 


Semi-regular Variables 
IrregTiUv Variablcft 10 
NoTOandftssccifttcd typna £ 


Edtpsinig variables so 

All other l-ypei 3 


NebUlSft are Binall, faint, miftty^ patched of iight; a very few are visible to the rmked eye, such os the Great 

Andromeda and Orion Nebulae, represtsntative cE two different- type?. They are tisuEklly more or less regular in form_ 

spirale, ffpindleep oveIb, and apheroida-—but some are irregular or indefinitfl in ontliue; some are refiolvable Into 
patches of very feint atars; athera nro masaes of gas of extreme tenuity, entimsted aa a E-housand millictillk of 
the density of ftir. There are various types ’— 

J. Galactic, GaaeCus, or GrEEU Nehul*Kbelnnigiiig to our System), C?lAasaa (ft) <uid (h}uf theae tend tc duster in the plana of 
tho Milky Way—unhfed tb& cibrE-gslaetin or * White' NebukH^ chiody found towsnls its nerth pole. Tliere arc ssTeral 
su!>dlvi«ieiJ 0 ; {«) and (5) have bright-lins apoctra j buc shine not by tbeir own light, but by absorption and re^emisebn 
of radlaticu f^m bigh-tem|>eratiire st^u^ within them. 
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a. PreptHwJerjUio towArds tlna Milk_f Way; irragnlqr or indeinitg in fora, dintingmshHl tekiMpTcally by 

thoir/gnaeiisgh or bluidli small radial velocitiw. Chiefly com|Mui&d of ^MbuJiuni^ (\■^^5007^ 3727)^ i€.^ ionised 

OSygcn, Onr, On, with hydrog-en and beliHm ixuLy Im conuifiobod -witli earlier atagss of star foiTUAtiOii, umially but 
not always, iiaTing atars shiniDg m them, evidotitiy iotimitely copcoctod. The QnaX Ori-Dn Nebula (il43, N,G,Cr 
IfiTfl} ia of tbia Tyiio; distance may be about 1000 Itgbt jeara. "Muah fainteTi and ibowu \x&i by pbotggrajihyT are 
the nebulcuLtieff rounds or joiniqgn aome atars (as m the PJeiades), also obviously dGoiiBctcKl with tha etara. 

&. MorP or losa csreulaf in and BO-callad becauM in a amalJ teloacop^ they aomewbat fosemblo 

the feint diiio of ft planet; only a few have a brighter central cemdengation. AU have a ooQtral atarof ama]! masg and 
high teinponitiire (White Pwarf) within them^cca-sioiiaUy not distinguiahable—to whioh che Tieibility of the 
nebula ia due. Tend to condense towarda the Milky Wayj relatod to Wolf-Hayet Htai7«(p. 4Z), which hava Himllftr 
SpeE^tra blit smaller maaseBi and veltxiitiee; a]^ to I^ovs, which towarda the end nf their outbuntt first boceiue planetary 
nebula?, then into thoir final showing epoctra identieal wilth. those of VV^olf-RayeE Btars, Mean velocity 

S5'3 km. (1^'7 miles) per second t iufkaaeii up to ihO time^ the Sun^e. 

c. inWrattlSar matter—unsden eithe-r by eye or camnra^non-luminoan, fairly evenly-diatributed, eiccea^- 

ivaly teuLiOLSS clouds of calcium, hydmgen, and aedium, inferred to feiiat the eimpiest meana of accounting for 
stationary lines nf these elements in the ipoctra of Novee, and of very di.^taut 0 and B binary atari The jitar-light, 
tra-TOrslng mi onormoua length of tllC interatoElar matter, enffbrs anotbftr abaDqition, and as the matter ralatea with 
the GalAiy, its absorptioji linee do not move to and ftt> as those of the moving components do (sea pag^ 23). 

-VjiiT,—‘Tri? ts-TipwMLurM of g.iMiUH nabil.e lai f?[ iu'oribelJir miLter*™ gi«Qn mat being ol theerdep of LDO^OOO" and lB,tKliQ'’K., rttpocl 
tivelyr Thifl thib th<c]r ntoTBiq ara Euaring with tha vetociby et>rra«pimdiog to thoia o-f m deu-K- ,gna mt thaie t«nparAturv4 

11. D-atk Nebula hi catita tho djtrk and the great irregularity of width and oatHne^ lu tbe Milky Way, and 

dark patchee olaewhoha : ravealad by photography anrl abu" ooynts. Groat ii^^fular cloud* of noa-lumifioua opaque 
matter, most probr^hiy dsvti, which, being nearer £o ue than the Galuy, ebut out the light from the celestial objects 
beyond thmd. I^r^ly in the nolghbourhnod of the Galaxy; huuib are probably only a few hundred iigbbyoure away. 
Hcrachol boSioved thewe to be empty laiuM boCweea the itara ; hia ‘ Hole in the Heavciis 'iis aliuoat ocrtaiiily No. m in 
Barnard a Catalogue (p. vi). 

IIL E^tfa-^alactiE or' White ' Nehulat —^ Ikland Univeirfloa*^ simLIar to oor own Qalaiy. Appear about galM-tic laL 10* N, B. ? 

rapid inorejase to 30", aiowor to 70". Faint ceutiimoua apectra^ more or loss roaombling that of a star; m*y be oomjKJsed of 

mvruids of fasut ; by far th-^ nv^s^t num^rem.^ type. Protwibly evenly diatrlbutad through cpace, those in lower galaetie 

Latitudee being veiled by absorbing miLttor. 

«, Irregular outlina ; the ^EageUnuio Cloudi are of thla type, 

b. Epirni ydbn^it, moMtly fonnd by photography. Outline regular—elliptioah apindle-ehaped, aplrat, and^Wurred—with 4 

definite nueteu.^ Tbo Spiral Nebulm am the mast oommou j uut found in the Milky Way, but tend to cliaeter about 
tho Gulactio l*^>los esiwcially the Northern oac: s tbickoet in the region opposite that in which the OlohuUr clunton 
are nioat initaefoua Dlstanoes of tlio orctor of aiillLaqji of lightry^ftrs; mostly rocading from uh at higb velocities— 
300-40,fldO km. fiOO-ao^OOO rnileg.) par eecond—approiimatcly prnpurtbual to their distaucs, about ZSO km, 
f ITO cn'ilB^) per uiogALpfii^>e. Srimo acMH as ^spiudlea’ or ellipses, an? nbvinuely spirata viewed edge-nu^ Spiral nebutoe 
frequently occur in groups, the more netowarthy Iiolng those iu Ursa Major, Vinao, Csne.'f Venatici, and Leo. 

TheGrest Aiidromoda Nebula N.G.C.3:24j vunblu to the naked eye)j is of this]type; the diataneo ia between 

I,600,CKW and i,000vDO0 light-years. AppaJently appm^hing, i§ the rtiaalt of the Galactic rotationj but notuilty 
receding, 

Tha Majfallanlc Clouds or (the Greater Little Oloud)^ and Jfn.b^crda jl/t?i^w- (the Leaier Little 

Oioul) affl Ttow recoT^iand a.'s eitra-^alaatis objeett—island UEiIvcrg^s^ the nearest neighbours to onr xSystorQ, and 
rrvplo^l * Erregutar’ N‘^buW {eitra-^jalaotic). Taey arc inviflble from the latitude of Europe and the United States, 
th'iir r 0 ^p 0 ctive Djollnation^ bein^ 70* and 73*9.i thoir R^A.a 5h,30m and 0hp50m. 

To the naked, oya they appear like datacbej portions ol the xMllky Way, from which they areeomo 30" to 40* distaot, 
in tliQ telescope they are *een a mirvollous combin^tian of stars, clusters, and nebula Their djat&DcoG are of the 
order of 200fiQ(^ Jight-yeara. 

Railip-Astronftaiy.—'Thia aubject is at present nlmoat completely divoroed from thoae mentioned else wham in 
thU atlaSr The uibjfriiLa which it oiaminea ean aeldom be identified with those which can be seen or photographed^ 
and the methods ft uses, due largely to rjkiiio onglneerB rather timn to aatronomara, hiLve little In common with those 
oE other lines of astronomica-t research, ltd " Lcldiicopos may reacmble rcOecting Lcluscupes or optical mtcHFcrometers, 
but aro o£ much larger dim&n?ions. 

Nit ruiraLy cm the subject be purauerl Srpespeotivw of terrestrial elouda, hutp ovan more important^ alao o( the 
ohacuriuii matter of our Galazy by which its more remote prirt^ are made Tuapcegeiblc to optical teiOBcOp'efi- An 
ioitivliate rasult is that the suspacted spiral sfcraotune of our Galaxy has been vorified. 

Tiie only star from which appreciable radio omis^lcin has been detected is our awn. What have he^n called 
radio stars" am sourcoa whose dimensions are probably large in comparison with a super-giant star, Ampng 
those few which oorrespond I >0 tefeecopic objeoto are colliding extm-galactio nebulae and certain galactic nebulae 
BTicb as the Grab nebula, which oocupies the po:^lt.io[i of the super nova of 1054. One of the inviiible source* coinaidea 
with the position of the super-nova of 1572, 

The period of rotation of the planet Venus given on pp. 32 and 33 was found by radio ot^ervaiion*- 
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ASmONOMICAL TERMS. 


Pi^rSllIfliX is the fmpiLiif difference in dlr^tion bh oljJ&ct wlaco viewed from tw^ difTtireiit fitandpa-inta, expresfred 
hv the nnmbBr ol wccmda or minutefl of Jvrc mibfcendfld bj Lbss tins joining thB two itBnd|M>iiit§, as S6sn/rcm cbjscL 
The pftrBlliLx (^f b star Ia j^a^skoned on * different buU from tJiat of the S-un or of a plan-ct. 

In iJiu-tW Parallax, used for piemberBof the Solar System only^ the two atandpoLntfl are the Earth^s centre and 
the obuerv&r^ aapiirated by the radios of die Earth^a diornal or circuit; it m greatest when the object ia on tho 
obsflrv&r'H hariaon—the ^^^rw9^^ai Paraliax —and decren^es to zero at die zeolth^ when object, obaerYer, and Earth's 
centre are in the fiome line ■ aa yrdiojarlly stated it ii the horiaontai pantlJa^, for the E^itiftCor, where the 

Earth's mdiua k grefttest Whon the object ia not on the honaon it has P&rallux in Aitituds, which decroMC® to 0™ 
at lLlb zwinitL The Moon hoa the greatest dinrna] para]Lux, mast. T 2ff, mean^7'.* 

A™.i£id P<tr 3 lla;x —nafid for stars and nebahe pnly^ their djiirnal parallax being nnmeaaarably amall^—-k thfj 
angle subtended by the naeon rodioa of the Earthgrbit—the ysarly circuit, aa aeen fmm the star. Escppt for the very 
nearuHt stara, the very minute aoglea involved makia the rtaultfi soHiewhftt nncemin; photograph# taken aii months 
apart have roplacedi widi far greater convenience! direct anguJar meosureinent, ikngles with a probable error sa entail 
aa (l/3t50j00Q clegr^s) being mea^nrable. The greateat parallai known (Q''''705)ia that of JVoxImjft 

thougb very faint the nearest star : it ie phjsicaHj connected with a Centauri, S* aw&yj which has pitrallai 

A i^flrofidaj (annual), atated In figures prefixed by ffitawjp indientea an unsuceessfal attempt at niBasure- 

ment, the distance of the star boing made greater than that of tho (assum&d) much more diotant comparison atara: 
the errors of absrisrvation may have siceeded the amoaut of th^ parallax^ or the oomparifsem atarg been more difiplactnh 
StellaF Parallax.— When atatiog A parallax it is usual to give the basis of mea^rement, so that the 'weight,' 
or degree of reliability, may b* estluiafed! some of the majvy methods bow available giving better resulta thiaii otliers, 
Trtgonome^eo] PariUlAXh the foundadon for tbeotherg, ia tliat immaurad by angular ob^rvationa, direct or phoec- 
graphic. When measured with reference to Bomo other istarSp oasuLEoed to be mnch mo're on account of their 

faantneAB and srooll proper motion, the parallax in colled the Par/illaps; it tba averaga paraJUx of thtie 

reference stare can be estimated by iomO roeouBp the relative parallax so onrrectwl k caU&d the Partdl^tx. 

Absuldlc Magnitude Pataliucs ana calcukuid from the absolute magnitudes deduced frona vsrioua pheneiBcna; 
compariiion with known trigonomLitriciii parallaxes shows that each method gives reeulcs more or leas in fair agree- 
ment:—parallaii derived froen vfljrifttSon-perlodB of 'Csphcid* vauisbles (p^ IS), is probably very accurate on 
the whole, aubject to Home uncertaincy as lo zero-point; it is apecially vsluabJe for extremely remote ohjecL?^ 

SpKtroHcopic Paroltiuc h found from the intensity o£ certain linca in some types of spectra; Spsairal pnrallaxj from 
spectral Type and G-iaut or Dwarf cLitsaifieation (pu2Q), where there is no marked fleparation into OSanta and DwwN. 

Z>yTKtfnw orparallax a probahlo parallax calculated from the period and angular dinQensicmjs of tba 
orbit of a binary star, the moai of the system having to he guessed, Abj however, tho average -star mtiM appear* to 
be about that of the Sun (p. 20), this unknown factor can be estimated on that tutHia with little likelihood of introducing 
much error, as, fortunfttdyj a v&ry conaiderabie ehoDge in the maFia value iDfl.kqa only a small change iu the parallax, 
parallait ba& 2 d on a defloito relation between the intonjilllM of these lino# (ace p, 23) and the 
retational term of tho Ualaxyj ''■should give more reliable parallaxeB and alisnluLo magnitude* Uisu any other avail¬ 
able^" for the distant 0 and B t^tara, {&« P«&, D.A.O.j Vot. 5^ 94f I9^}r 

Mfan ParMoi^r though nob applicable bo single stars, ia valnahls in statistical work for groups or claBocs of atam ; 
it is ba-'ietl on relationahipa of their proper motions to the velocity of the Sun's own motion in space, and tha gtar#^ 
augular distance from the Solar Antapox (see p. 27). It bccoincs inetmsingly important us the lapse of time Gnoblss 
proper motions to be known more and more accumtdy. 

AWiifur ParaMuXi alao for groups of iitara ouJy, is deduced from their 'parallactic rnotions * (p. 15), valued at 90' 
from the Solar Apex (p, 37), Sicuhr V'ariaiion of pai-allax results from the radial motion of a a tar towards or away 
from the Sun, which will, eooneir or later, oenaiblj change its aonual parallax. 

Croup or Siatie&Kal parallax is Ijoaad on the reasonable Maumption that In a fair-aiEcd group of aLa-m, those of 
the same magaitade are ac the same average distance, the visual magnitudo being thus an index of thuir dintance. It 
reqaireo, however, a Htariing point based on Bome obher pfiralhkx, such os Secular pamllax. 

parallax, found from masB-lumigosity (p, 30), is perhaps not m reliable for the hottg^^t stara. 


Astronomical Unit (A-U.).—The unit for Solar Sy#tom mtaBurementa, and the biM-liue fer Htellar parallax, 
W the Earth^a m&an dLytooce from the Sun, 92^397,400 mika, or 149,504,200 kilometres (Isat four or five figures not 
sigtiificant), the distance correeipoDdlng to iJie moon equatorta] parallax This parallax, adopted m 1S9G os the 

international haiiis for ephemeridcs^ is expected to be near enough to tbs true value to require no alteration later."'^ 
6^-jiiJ Diitana. The angular diatnetot of a planet ''at unit diatanc*/ us&d when comparing the diaiuetera of planets, 
ii that which the planet wouM hav&, as seen from toe Hun^a centre, if it wore plocfiHj at a distance of I oatTonomlcal unit, 
A million astronomical unite hoe been coiled o jSmoTTwkr, a term fimt used by Sir W. Sorschel in another HenBe—the 
di#tauM: {than unknown) of an average firet m&guitddu atar^ aaauniirig brightness a# an indox to the nearest ptiara. 

* p^Q:c titiii ES fL>t TibbLai FftTmllASPai 
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Iti ASTRONOMICAL TNRMS. 

Staf Magnitudes^—The brightest atara mrs 4 ud to be I at magcLtudA ; th&M bright, 2ncl magnittidfi ^ thwe 
iti II IcAa bright, i^rd maguiludi, and le oa. Each magnitude ii ^~G1S (abant 2|) timei as bright as the ane below itrt 
a standard lat magnitnde etar (#.^j Aiile^aran^ being 100 timu. u bright ai a ttandard 6fch niagnitude itar, 

which ia abQut thft faldteat Uunid ' irt., Tiaible to the KLak^d lya. Am^ however^ soyoral 1st magnitude atara ara 
touch brighter than tho range of magnitude* alao rune in the other diTection, aatarof magnitude '0' being 

aboot 51 timee aa bright ai aqe of magnitude and ae-tar of magiiitLide mtnuff 1. about 2| tiraee brighter thao. one of 
magnitude 0, and lo on. After magnitiide the magniundBe run on-, Tth^ Bth, far the leleecopin atarip the 1 Ich 
luagiutiide being about tha laintest rinib^e in a three^Luch toEeacope^ and the Idth, in the moat pewerfu] tgles^^u-pM yet 
C£>iiAtruot<ed; atarsacTeral niagnitudei fainter mra abUmed hj photogra-phy. {Sbo Table of relative hrightneaa, ^ xj. 
IntarmeJiatfl maguitudea are denoted in tentha craven hundredths, thue magnitude 3’00 is slightly brighter than 
bat iesfl bright than the magnitude increasing as the brightneBs decrcA^ei. On the side of O'Oj how* 

ovar, thm ta rerBm^r magnitude tigure mcreasJng with the biightneeB, Thua msgriicude -01 Is brighter than 
O 'Q; -1 '0 Is brighter than - O'd; and - I brig liter than - I '^r and lo <m. Where there ia no atgo^ magnitudes are 
olwayu understood to be ‘i-, but + is UAuaiiy given in the c^e of 'nbeolute magnitudes^ 17)> In the general 

3eni4p ^ let mag.' uSoALly meuui all itara brighter than mag, ^2nd mag/ tlioae b^Eweeu I 'fi and The magnltudet 

in modem oat^logaea are ioleuiaiffdihs zinith-. aL lower altitudes atmospheric abiorption dlminiehea sh^ 

brightD&adp and hmm to b# allowed for when comparing fltara aE di^tsrant altibude*^ les Tablu, paga 42, 

Nllinorloal RfttJos of Magrnltude^—On the 2^512 times bsaiaof reokoniDg each magnitudep ereiy dlfereuco 
of 5 magnitudes means a multiplication or dirision by IGQ of the starring magnitude, thus 1st uiagniLude is lOD times 
brighter Chau the Bth; 10,000 times brtght«r than tlia llLh, and a niilliou timei brlgbEier than the 16th, while mag¬ 
nitude O'O is LOO tiniBi brighier than zEtagnitudB 5. This ^'stellar ma^^tude^' method of comparison is now used for 
other compartfloni than its original one of visual hrightneeB —as for stellar h«at-radiatioiij and CTeu for temperature?. 
If the stare were aniformly acattered through Bpuce, there would he 3-'&8 timee as TnaniF stars of a given magnitude 
Sd In the oae juat abOifA it; departure from this number fcalicd cbe riar indiuatiS crowding, cr, thiiming out. 

The 9 ca|e^ now the standard^ wan introduced, by Pegson in 1850, 2-5l£ beiug the ^llLfocI of 100^ or the iQgsrtthm Q'4. 
B<>ae'i 1910, employf sn oldar syetem with a Light-ratio (]cg, hO'^G}^ approaimatcly that uf Ar^^clsudcr'l 

CTTanomriri® ^' 0410 , 16431 Butt and Fogeoo mi^ltudefl are the eanie sbeot magi 3'S ; below ■ 3 6 Bobb lb fainter^ mag. 9-0 Pogsaa 
being about frS Bcaa. Above* mag. 3-6, BCAd is brighter,. Tdpa buinj Od), Sirtti* ^20, BoSiS [ ftgsinst 0'14 Kkd^l'&ft Pugson. 

[Utarnatlanal Magnitude Scale. —Though based oq the tame llght-mtio, the niagnitudBs found at Harvard^ 
Mount WihiOii, Poudam, show small systtmutfe disc repan cie-s dne to the instruments, atmoaphero, fe. Thus for 
accurate oompaTTSonSp each must be 'redneed* to the Bcale with which It !■ to bp compared, by mcanB ol Tables prepared 
bv lahoricuj analyaiB (see Harvard AiinaLa, ^oL 14, and Astruphysicai Journal^ VoL €1). The HarTard (photonietric}i, 
and Mt, Wilion (phoLovicual) Scale* are moBt gerLerally usad^ and Che fornter was adopted (1922} aa the haain ot Inlsr- 
TutJionaf photograph ie ^daln Taking the star a of Type AG between cnags. 5^6 and in the Pfarrard 

North Polar Sfujusne* (a list uf camfully-mesaured a Lars near the 1^. Pole arranged in order of photographic magniLudB)^ 
the mEsan InUrnational magnitude of these stars is defined as being ibe smae oa the mean magnitude of these i;tars 
on the Harvard visual [photOmetiio} icale—which, for 'Typt^ AD^ is identioal with ihe Harvard photographie icds. 

Vi&ll&l W AppAP^nt Ifagnltilde U brightness as directly eatimaCed by the eye; when the brightuBaa 
meanurEd initrumentally by the photometer^ It is called the magnitode. 

PhOtOVlSUQl MS-fJlitud&S ohlain&d photographically, using a colour Bcrcea and iaoehromatic platen adjusted 
approximately to the lEght-AenBitiveiiassi oE ths eys ; they tend to be rather brighter than tho visnat or photometric 
magoitudes, and are becoming of great importance thty give more vniform results, They minimifle both the 
luAtrLimeEital and the brightneas ^colour at^uaiion' diLhoutties (see p, 17),, and tha photographic plate s-od colour 
screen used seem to make tio great difference In the reftnlts, (Red and photo-electric magnitudes, hce^ p.lT), 

Photo^rAphlO HSHgtlltudGS are those ob^inad by measuring Che diameter 1 of the images on & stBlIar photo¬ 
graph. For oTifi-half of the stars the reaults are accordant, with tha viHaal magnitndEs, hot in tha other half, owing to 
the blaer star* bftitig moro actinic, and the redder stars less acbiiiic, the bEue Btars photograph brighter than they are 
viAually, Find the red stars fainter, hy an amount depending on the spectral Type of the star (p. Id), 

Colour Index (contracted, c/i) Is ihe difference, in stelliLT inaguitudoB, between the photographic magnitude 
and the photometriE (or photovisual) one, the pbotOTiaual index tending to be the greater; nn thn Harvard oolcaur 
index s^cate, Type AO has ofi O’OO, ita visual and photographic magnitudes being th^ same. Colon r indices greater than 
2'Oare probably very rare; S Oephel, Type Nc, boa the very great colour Index Cnlour Index Table on p. vili 

photographic Magnitmta mmiLB tho c,^ —ptotoaiotfic magnitude. Photomabic MaEuitado ploS the t.^HTphotographie tdSg. 

ColODf Index ■ photographic mag. llThiiB v Orioni^ Type BO, visual mag. l-Tfr, c/i - O-al-crphatDgTapluc mag. 1’44. 
mmuj Cho photometric rnrig. y ,, MO, „ O &S ^ H-l'GB* „ „ £“00. 

The - indieatM that f OriaoiB Id brighter^ the + that ia fainter, than AO—photograpbii^ally. 

* U-k 4 wtlb msgsiLbudja 'ibevei'' bwilp brl^btiir thsiL^ fiJattr tbon.. 
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Absoluts —iw na isriterigii qE intrlruig as noihPj stari b-ppeu 

ffer bri^Llgr tbiiQ Aoidb ne&r atAnl.. Ab^olilba L-ud-a is thu briglit^agoft a star wtitild hhTe if aII tba atArS ^«rf> at 

cha a$me diitanoa from ut ^ it ia found hy oftlculatin^ whAt th^Qba^rved vijsual magnitude of each itar would be if eath 
i^are pl 2 M]Ad at a diatanca oj 10 paraega—tliat a^tiiTuLatit Ui aparalliu of 0"'li or about 33 light^yeara—which of court* 
reqjuiroi a knowledge of thoicar'a distance. Oonvertely^ it the ebsolote magnitude can be found by tome other meapiap 
the star'a distaiic« gan be optIcuLated, AbBoluto magnitude is tbarefoT'a of gc^at importance in stellar research^ aa it 
enables iLiminoaitlei to be comparedp and givea many tinmeoaurabLe p&r^fclaxeA. In abauluLe nrngnitode^ aa in Tieual, the 
' gT94ter’ (nam^riaaUy) the magnitude the less lumiaous is the otar, if +; the more Juminouip If — . The InteffraUd 
abiolnCe ar Tisual magnitii-de, of a nobnla or Atw cluater^ Lb fh&t of the total light raceiTccl from the object- 

The Sun's aboolute vIjuaI magnitude ie + 4-9^ roughly + 5 0. A l-punec ttendard diai^cs was in use till the Later- 
national adoption ol the lO-parJiM itandard (l&SS); it had the advantage of having the Sun^a absolute magnitiide O'Or 
The abaDtutemagnltudi^ of GLaat atafa vary only one or two magnitudes {from about -i-1^0 to - TO) in their pro- 
grepsion from Types M to B. Thoae of the Dwarfs fall off e magcitude; or two as each aaccoaiEi vb Type below is reached, 
nntil about +15}^ In Pnoni^ Csniourip a red Star perhaps nearing eKtinvtloia, and in Fr^o^on R, almoat the fainteel 
ebioluto magnitudo-'i known. Ei^d and on the other hand, attain about - S-O; SupFmovE in Spirals^ - 15. 

The most luculnouii star k-oovn ie 3 DoradlLs^ a variablB star in the larger Magellanic Cloudy aome 14 magnltudoa^ 
or 3QiJipOOO'50Ci',OOQ times brighter thau the 3un : photogr. abs. mag, at brightest, — S'9. The leaet luminous is Wolf 
5501 A nea^-^by star of mag. 13^5 vUuab 15’5 absolute : its luminosity is only l/fiO^CMDOth that of the San. 

To 0nd Absolnta MagniLude; - Aba, Mag. * r Liniivl mag. + 5, plus 5 time? tba logarithica of ths paralLoi- J/« m- + b + & leg w. 
K^d MagTiltUde and Qolour Index (Harvard photo-iedp if.A,, voLfiO, p.'&S ] effective wave-length AfiSOO).— 
On this ay stem—tJie effective wave-Jength of which ia hallway between the O and D linm, and about the wave-length 
at the ave-rage in tensity o£ the $olar apgctruoi—red colour index is about 30% greater than ^£^Wc/i (Intemai 

phoCcigrapliic[/] TJii-MUB photoviaual mag,)] hluA-r^ and c/i=/ - and -tiV- 

Photo-^l&ctric M^gUltttd^S are measufcd by a pboto-eloctric oell (tlilTetniit from the thenno-coupls used in 
the boiometflr); it gives great accuracy for diiTereiicjea between stars ol the same spectral typOr There ia no photo 
sleotria magnitude scale, oa eeLls vary iu sanaitivity to different colours s (the bolometer integrate* all the radiation 
RadiometrJo or Boldm^tric Ksigrnltuiie giTos the railiaUon emitted by a sUr—the light, Leatj aciaiifc 
rays, etc.^ueing a thermo-eouple or bolometoTp instead of the ey& The tariablo stars J/tm and x maximum,, 

emit nEsarly twipe ab much radiation ae at minima nip hut thoLr light incroaGcs some 1000^2000 times. 

Eadioffictri^ MoffnUud^ is cxpraaB^ on the Aame aystem os Tiaiiat magnitude, and the difference batwcsu the 
rudiometric and visual magnitude is i^allcd the ifsaf iridez (ootTespouding to the phntographio Colour Indax), the two 
being assumed to coincide for Typ^ (3ee Mt. Wilson Annual B^port, 1325). 

jSo^fftrwfrtc an tbo other hand, agrc&s with visual maguiende for that Typo of star whose rodiatioii 

has maximum Luminous et^cisney, i^o that visuid rntnuj holetnetric magnitude is ol ways positive ( +), oriraro. The 
Typo for which the vbnal and boKoinetric magnitude agree is voty nearly that of the Snn (Typo GO). The Sun** 
absolute magnitude ip a-hout 4^6 viaua], 4'^ boloinctricj rodionjotric, 4^9, (See voL 77, pp. 33 and 504)< 

Combiaed Habitude is the reifulLajit magnitude of two or more lUkrs, so dose togeth&r ai? to appear to the 
eye (or be treated) ns a single s(xr. It is Lbe inagnttiude cori^pond Log to the sum of each star's iDdividual brightness, 
referred to that of meg. O'OO takoiias l^aod Is found as follows (adding tho two magnitudes would give a fainter one), 
A stei's magnitude multiplied by — 0'4 gives the logr&ritbm of ita brigb^ueas reJativa to m^. Q'OQ, 

Tbe logarithm of a atapa hrightnBaa ralative tq mag, Q-QQ wbpn divided by — 0'4 givos the mugCiiUld^. 

Colour Magnitude ii tbe magnitude of a star measured for each of tbe wavadeDgihi (referr^ to a^ 
staodatrdj, end reduced to standard AO by theoretical bJock-bedy radiation (see /Hr.AA4B)i 

Oppoaittan Magnitude is tlio inftgCLltud& of a anporior plan&t when in oppoHition (p-5); th& pLajiet is thQn 
nearest the Earth and brlghtoBf^ and (in theory) ia only than seen with its disc fully Illuminated. Ordinarily the Earm 
denotaa the oppwitloii brightness at wwoti distanoe, aa n planet's distance and brightness vary at different oppotttions, 
Tha following Table gives the approximate range of planetary varlatieD in magnitude (sfes also diagram page 41). 

L'lftut auf, Mbdh ngipuL USh. taDC. Flsoiat U&M. U’Bii tippm. tiilli. PiAoil Mu. M«iB. apfMi, -Ml-Eir 

Miirs -2-a -1-S5 -I-I (I Batuni -CJ*4 0'9 |l Neptune l-CS 7^ 7'&4 

Jupiter -S-B -ig-aa -21 || Uranua B-Ci * 74 6-07 W Pinto IS-a 14 1&-2 

Umltlng llfl£lgTtltlld&.—^The Lirntting J/b^nifuc^e of a star eatilogue—the index of its compkteneBS, u 
omiBsiona become mevitablo at- a certain stage—ii that magnitude on the brighter aide ol which atorji ornttferf from 
tbs catalognft about equal In number the starH on tbe fainter sids in ths catalogue. 

Colour GciuatlOIk X Magnitude Equation.. —^The drat ia & small correction on the magnitudes in different 
catalogues to eliruinate (a) the colour-aeleotivity of tha inatmmciita, atmosphere, Ac., of tbe obeervat-ories reaponiiblo 
for them, wMcb affects the resultfl, espscially In photographs; (ft) tho uncertain brigbtnese-colour error, due to the eye, 
known as the (p, 42). The Equaiitm ia a similar smaU corrcctioUp to remedy the error caoised 

by transits of faint fitara baing ordinarily registered Inter than those of bright stars In the same positLon. 

£ ■■ ApproxunatBly tbat of 0'''101h 











le ClAJSSIFICATIOy BY SFBVTRA 

Lamtnosltjr : Surfaee Brlghtneas.^^—The o! a star difi'frri from if* longnittide in beicg the 

•mount of light emitted by the Btar, initeid of the apparent amouint, judged by its brightness to the It depetidi 
Ofl lLb h tar's diameter and Lotnperatiire* htmg tbo itar'i area (aotusi, not angular) mnltipUed bj the uDouiit of ii^ht 
It einita per atjoare centimetrSj or other nnit—by its 5ur/a« Mrighlmti. TheSoD’a surface brightness is taken as 
idAgLO^, and a etar'i relative sarforce braghtneas, + or — i la ajtprtAaed in magDitod^ (Table^ p,viii)^*yroboliaecl by J* 
The lumiiio&ity relatively to other stars is gl?eii by the abstolute magnitudej or brightness at 10 paraece di&tanoe. 

The higher the temperatiire, the^ greater the swrffl'^e brilliftney ^ thus stars of the same abaolnte raagnittide may 
di^r greatly in ew and sarfaae brightaeW] for a low-teaiperature ^ Giant ^ (p,20) mugt haTe a larger diameter than 
a high-temperature B-starj to be of tha eama abaoluto magnitnda. From this lulatiouthip the diameter of atari ean 
be ofttculatad, mdepfindeotly of their diataoce^ from the vumal magnitudeSp the eurfaee brightnefai being obtained from 
the Type* The dUmetera that had been predicted on this basis wm found to agree closely vrith theohiorvad value*. 


Star-cleisatflcatlon by their ipectra.— Secchi in 1863-C7 foand that when the light emittfid by di^ereni liar* 
was analysed by the apeotroBcope^ their spectra fell into four welhmarked groups which graded into one another. In 
lBf4, Yogel modified Seech i'l acheine by adding two aubordinato claassa to Class T ; another (Wplf-Rayet to 

CIash II j and fncluding hb. third and foiirtb types as sntMdiTiaiocLa of che same orders Beoebrs Types are now little 
uiid, except historicaltyp but for vETy uncertain cases the I, A,U, defines them h* foUowa (05 waa formerly Oe)r— 

Trpt I. OJ'FSv predominarit bydrogHn linea. I Tvp* III. titinium Oxide bandar | Type Y. Oa-Odn bright Wolf-Eayet 
I, IL F>9-K5p preminent met^lfo Hnssr I TY. N and Et when ban-da I lines. 

About 1&90^ PickeriDg intFoduoed the 'Harvard'cla 5 ^ifi:^£at^oa^ now Tmiv&rsally adoptfld, ietterlDgSecchi^i original 
gtoapSp with othuta, as In the table opposite, the variou* sections being spoken ol as TypeO^ Typ&B^ &^c. Gradationi 
or intarmadiates are Indicated by combinationa of the letters with figurea den-otiug tenth parts. Thna ES (a con- 
vftuiaiit abridgment for B2A) denotes a spec tram naarly like that of CImb B, but estiiOAted to two-tctiLhi of the 
way tfom B to the follawiiig CUaa 4 : and 05 ( — 05H) mca^a fiTo-teixtha of the way from 05 to the n&itt Class^ which 
Is B, os Type* O* are first in ae^juence—the original order was Ap B, C, iso., but from later information U wm 
altered, and come unnecceBsary letters dropped^ Secckt's classes were based on TiBcalr th* Harvard pu photographic^ 
spectra, but on the whole they are fairly accordant, Type R waa added 190S; 9,1932; 1935 (lA.U., recommended). 

BO ii the bigheBt of Class B (the '0"* ii a starting cypher, not a and th* sequence ia OB, 09, EO, Bl, B2, 

B 3 , , , , B9, AO, Al, AS, Ac.; the Hcale ia thus a descimding one, Bub-divisiojis a, b, c, ±c-, are used where there 

Ih uncBrbaiuty os to the details, but numbers are lubstitutsd when the neceasacj in formatiqn is obtained: *c* and 'n' 
at&T^ iiowsfer, are not aobdivisiona, but stars having 'c* or charaeteriatica Variable *E*n are now classed 

at rnaximutn -(I9SS). For the aubdivisions IncllLided in a 'Type' when used In the average sense, or m itatistical work, 
50 * neat page. Eordetailiof Types Oto N, see ^.A., Yol. 30; 145; and J^raper l924{//.A.p volB,j90-9^), 

Barly and LaU stars denote Types B-A, and K-M, respectively, aomewhat Lneonvonient Bunivaldp in cnrtaLa 
rwpccta, of Vogers aMumptEon ihat Tjrpe I ttara were the youngestr and Types III and IV the oldest^ before the 
Giant and Dwarf divisions (p- 20) were known. For the same reasoiii the jfuin lb the d-ownwarji progression 

of increoaing redneESi 0, Et A, P, G, K, M—Typei R^ Kj branching off at G; and fl, perhaps, at K5 or MG, TypeW 
may he th# last stag# of another seqaenoe from Fova through planstary nebula to join Type O at the other end. 

Hll5SeU Diagram :—This shows very effsQti'rely the Giant and Dwarf relationship and the Main saqueoce, the stwc being 
plotted occordiDg to Type (temperature), an-d sbecltil* magnicode (ltimiiioeiiy)i By adding ourvat KpriswDtiiig 
masses, the Diagram bos h&m nxtend^d to exhibit the msAsdainin-oeity relatianBliEp os w#lL 

Star Colonies-—Colour is an index to physical condition and tomperature A list of th# mean colour 

of oach Type, and sab^diviaion, ia given in Monthly Koticas Royal Aatron. Society, YoL S4j pr23, Oa to Oc am given 
aa greeniih yallow; BS, B3, white; AO, purs yollew; AS, yellow; E2, orange yellow; MO, orange; R, orange red ; 
No, d*ep orange red: intermediaEs types merge into the next colour. Colonr also affects twinkling, u explained on 
page 3fi. The components of maoy double stars exhibit the curious pheDomenou—sometimes merely uptical^—of 
bemg oomplomofltary in culonr—orongo ood blue, or crimBon and green, Ac l for examples, see Jfotes Star Chants. 


B^lnllTe NumbaFS of different Types (Bbaploy)—Of the 223^000 staxs, to shout lO, in the Draper Catal-ogue, only 
some 2O00 am of other types Ctftn F, G ^ ^ Nearly 6G,000 ate brighter than about IBAg, : SD^DOD are e^Botially identicaJ 

with the Sun, end S5 per cent ora ptohalJir witbrn 3000 lighl>yem of usr A and K are most common in tbs Milky Way, 
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The Harvard (Draper) Spectral —The Table belew th* ulieat featureB*": the Roman noraefala 

inrlicateSetJctii^s CldJ^a(p. IS). Tho temperaitiireB are tho^e for a * black body' (p. 21), and are more or legs approx- 
imatOi tho^ below Type O (3qii = GO) bain^ probably rather low* For tha B-ailbd volocitj of each Tjpe mo 21- 
Be, Me, Se^ Oe, itp.T stars denota 1^ Wf S, itc, atarft baTlag bright eniiwioo tinea (loo p. 23). 

■'Tjpe li/ *Tfpe A^/ in., wban aa^ in the genoml muso, or in itatbtical work^ do® not usnalt^ meati the Beriei 
BO to BS, Or AO to A 9^ bnt nn tHuiTtiffd Typo^ in wbioh AO, B0^ <tc.j are apppoiiroa-toly central, iaclndin^ the latter half 
of thoflfl Jetteired in the Type earlier* just aa ^2nd. nLagnitudlc ' is not ^-0 to 2'9, but 1 -5 to or I 0 to 2’5* Sbapley'c 
Table^ opposite, indicatea an (approximate) n-smal haeis, bot there ia no definite rule: Batne begin Type B with 05^ 
VL Typb W. Wolp--EJlThe S^easb (at peesent in Type 0)t Oontinuous spsctnim with man j strong emlflason banda due bo atoma 
ifc*?^wLr.. high ioniflftLioEi pobantLfld : meat importaTit ii* aBooditod in a nitnogen BsqiiHnte with Fuij IT, t 

ju'.ttuflt? (TypoW); orinfl carlwn &n* with C?n, iti, ty (TypeW') Oil, m* ry*T: typical etara.’V^StE-^-i&'^jSfl’SpW-S, 16,S33. 

V, Ttpi O. Wou-Ratet &rAB 3 (Groauish-white). Very high tcraperafejnnss* large msaeee and ?cl«dtjefl: bright btmd* in their 
spectra indicate coaoodtLon with planetair nehalffiand fscal eta^ of NoyiSr All in Milky Way, or MageUanio 
Clouda. BubdivEjiLons Oo, Ohp Oc^ Od (Wclf-Rayet stars proper) ^ and Oe^ abolished 195:3, 05-09 beiag subBU- 
tdtod, with Wolf-Bay at bonds describ^ by afiSaiog b, c^, d, a* Oob, (&!i,CW‘ K,, 62,000* F.). y 
L Ttp* E. Onios or Hxlittm Stjjih fBhiiAhjL Helanm linai prominent: reiy btEUiaut and hot, large masses ; moan deoiity 
l/lOth Snn'^a Vary distaoit: small proper motions sod mean veloMEiea: atrongGaliictic concentration |: brightest 
mcistly baloug to Local Dlustor; great globes sf ^Itiwing gae, (25,OCO" K., 44 ,CJOD’ F.)l f fB0)p 3, f Owau ; fi CHw 
Type Ar Si!ii*N nr Httr^kn STAita {Wbita)^ Balmor Hydrogen linoa TOty EnbeuMi^ Holioxn abrnsnl. M-nst ntunoroos Type 
sfber K. Fractotninatfl in low galootiQ Latitudeii Gnoater propar moLions than B^ (llpOOO’lL, 20,000*F.). 
Biriii* (A0)i a Andrcmidm, ^ Ca.rin^. 

T'f^E F. fiifiZAN-SoLAii or CAiiDiDii BrAae (TeElow-white), Calcisua H snd It liaaa rery prominent: nydrogen bnoa much 
leas intense* luatallm linca increase. Mnch 1-era □utuarcus than A* but indnd^ majority of known binatlcs* and 
largB-prap^-tnetion stars j little Galactic oonMOtJTition, {7^00^ ILt ^ ^ Qunopm (F 0),7 ^. B^drt- 

II. Ttfi G. Sou It Stae* (Tallow). Hydjfogna tinea narrewsr and atill \tm intense; E and K calcium linai prominant, and 
numy fine^, dark llnM in spoetta, Denidty of “D warfa about 1-J times that of water. Mora mors rapidly than 
prtC^UH types, little GelftCtionKinoeutratioii. (6000* K., 10*000* K). Qapeila, (GO); Cmiavrij 
Typb Kr Aftirrus-iASsr or Rxn-SoLAit Stabs (Orange-yellcTr}. Hydrogen hues fainter, hydrocarboTi band? appear; demsity of 
Giants about 1/I0,00f>fch Suti'i; mo&t numeraus typfl, predominate 4n the whale in low galactEc latitudea. 
(4SO0" K_, 7000* R). ArStUfV* (KO), a ^rf£E Maf. i ^ J9* Indi 

IIL T™ M, AiTFAftiAS SiAiifl (Onmge). Spectra like that of the Sun, but with biroad tEtauinm oxide and caldum bands er 
flujtiogi l>en-ffLty of Gianta Ieim than l/2£},OO0tb of Sun's j; of Dwarfa, grwtEr than Bun’s ^ Very distant ^ higher 
mean Telocitiea than B ta in all dlpscfcions j widely suatterod. Fainter etam ebow a praferanco far the galactio 
i»ntre {Sagittariua reginn). Sub-clasHts wera Ma, Mb, Bli^ Md (bright lines); Md was abalisbod 1922 (the 
'wrniMtoTi' pigq ■'a'£nffic™)j the othBr* wemmado MO^ M3, MB. -(3000* H.., 4000*F.), jiflfafiM, Jfirn. 

1V. Type N, GaitBO'N Si ass (Deep orange-redl). PeGiUiar band spoctra lika those of eomets Mid eandle-flamet, due to eaTbon odecn- 
pOUudB; two-thk^ in tir near Milky 'WBy+ Probably in a branch sequj&uOO* G* B, N, Sub-claagea Nft, Nb* (ouds 
KO and N3* 1992), and tbs doapest rod of all tbs stars (sa S Uaphei). (2600* Kr^ 4200* F.) F f^n., 

Eead for gaswuis nebulM, (For dstaHi jds ff.A., voir f^jL E ^ ifytjfriii, IB Pwcinm. 

Eaed Jbr ^Totasl Divhdod meanwhile into Qa, Qh, Qo, Qd, (Jit* Qi, Qyi Qi; tbe last hu weak Wolf-Rayat 

bands* but^ untilw thow befo-rw no bright hydregeri linee. (See page 45; and Trma. LAM.^ 1922, 1926)* 
Type Rt (Oranga-rod)^ Carbon bondsj vimially resembleg N, but photograpbtcally dlfferTsot* blue and Yielat being brighter; 

not BO rod as M or N : brightest, mag. 7. Probably joioB roain flafinence at G, tbs branch sequence E^aingOj, R, N. 
Added IBOS (AT. (7.145); raeatly in N preTiopaly* (2300" C., 4MF F.). B.D. ~ 10'S0S7 (HO), 1SOS4. 

TrPB S. Red stars. Mostly lonjf-period Yariftbles; yiery oomplioated apectra^ bright bydrogsi! lines, abaorption and EmiBsioii 
Lmofi* and some &iiu4[kiuui oilde absorption booils; perhaps a hronob firom ik5 or Mo. Added 1832; mostly m 
N proYiouslyr [See a list i/f, IF+ Contr. 252), ... t<-C rrwij^ RAndroi^tdett, 

Notation for Peculiarities,^—There are two aets of notatSoruf^ one proExod, the other aMxed to the Type; 
' earlier ‘ mcana lu the Typ« B dirsotioa^; ^later'* in the M direotiou. (The lettans may he combined, as Oflk-J 

full Urt-uli d#LKUi Tt. l.Jt. IKS, AfExnd— 

e AU tinsfl nortuaily narrow and abarp (pt2b); later than BO, ow WoU-ftayet emiMicn liBWorbanda; conspicuous, ewl 
hydrogon lines and enhanced linesabncrmaHy atrotig. 
g (Jsant Btam Enhanosd liaw fwriy strong ■* low-tompisr- 
aturs hues reilatiraly wsak ] hydrogen hues stronig. 
d Dwarf Stars. EnhBJicod lines weak, come caSaLun A titamuin 
f^ p ' Hied ssrlier tLsu BO; * j ^ andr '' d ‘ tbim PO-,) pines BEr-ODg. 

AJStifti. ... . _ ^ . 

e Bright smiMion Imsa, except m F, Q: rennarkaul^ si 

eq dOr h with sbBorptiQn lins Ob the yiolet Bids, 

nf do, ; bright lines conspic'alyreverseddark centre, 

MB Bright hydrogen A fairly ex^iiapiououA bright metallic lines, 

* Typu D* D, 6 a, of lb« □dgiAAl ishncnB watt f^oad raduaduiA 


Type P, 
Type Qr 


Stationary hydrogen and calcium linee^ 

Lines untiauahy wide or difuse. 

pMutiaritles; symbol cf the element most sffiMted in 
Remsr]oibl.e. [parenthaErLBi uDidQatibed ]inee * 
Ab^rptioD line on tbs Tinlst side (with s}* 

Lines sharp* but ^c * charnOtjCristLc tint present. 
Indicsbes a Vaiiablu Bp4M5tnim. 

[ ] Forbidden ILucca; sycu^lofolemant In iHquaps brsdesta 
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Giant and Dwarf Stars.—Speotral tjpe indicAtoi tts tempeniptiir* | tempEratuM rcgnlfttes tlie lurfa^ bright- 
BW'f. and the TOrfactJ brightness of n Htar multipiiod bjita areii^T^a ih& luminoBity or total ftrnoniit of light omitled. 
ThiE^ again^ MguJatei the ftbaoluta roagnitudo. HenoOp two akJkts of aUiQn&r Type have difFeront absolute mag- 

nitudcss, Lhftj must have differenL Ughtnimitting areas, and diiuiioteii^. This ia we]] shown on d {pj^j. 

Analysis of abeolute msgnitadea ehowa that ob the one hand there Is a coTitinuona iwric* of atam from M 

to Bp with inoreasing temporatureSp which have great and fairly constant abmlnlw magnitudeSj ranging from aboat 
+ 1*0 to — 2'Qp or about tbr&o irtagnitudei On the other haad there is a reTBraed Rnrioa from A to M* wEbh doortasing 
temperaturMj and abaolute magnitudes falling off a tuAgnitiide nr two as each suMeaaive Type below in if-ached, 

Star 3 of tbo inoreasing'temperatore a&ries are tmown as QiaTiiM, those of Lbo decreasing-temperaturo one as D*^r/f^ 
because the Giant M-stars must hev^ enonnouE dlanaeteTS to appear as bright Eke they are- with their low temperaturest 
while che Dwarf M-starsinnst be amall in diameter to appear ae faint as they are^ with similar tsoipofatureft. Thsae 
names, howftverp only apply literally to the M or late E star* o( tlie two br&Dehea, as thfl differoQce in diameter be- 
tweeu each branch continnallj lesfiena with each atep forwards or backwards towarda A and ontiii in these TypoSp 
the mombeta of each aeriea cannot be diatingQished : from FOp however, Giant and Dwarf atarB are known by tbelr 
^aohadccd' and 'low te-Enporatafe' bne* (p. 35), thoGlanta having a lower temperaturE thun tho corresponding Dwarfs, 
which are bluer^ Tba Dwarfs greatly out-number the Giants; the cooling stage probably lasU much longer. 

arft about 1000 times brighter than the 8anp wibb absolnto magoitudes greater than about - 2-0, 
like BiUlffittiK J mcanlf (abs. mag.) about -2'7, ^uh^i^aU, a w^jll-markod group, average about 10 timoa the Stra'i 
brightness, with mean +2^21, 

Tlae WMii eioeptional stars like the oorapflUioii of Sirius (Sirius are atam of high temperaturep 

yet so very fauxt^ in proportion to their distances, that tbeir diaiuetefe must bo of planetary size, and their average 
density almoat morediblij—aotae of them miliioTta of times that of water, their largely electron-stripped atonic being 
packed etiormonely doeer than in the ra&tter we know (jiee below), Being so fainty only the nearer ones can bt ac&m 

Stellap EFOlutlon*—‘These facts Buggoated the HertEpruDg-Uuag^ll theory, that a &tiir begins its visible lif&M 
a diffuse low-temperature M-giant. Tn accondance with 'Lftne's Law'—that a gaMoua body radiating hcac-„ and con¬ 
tracting under ita own gravity, muat get hotter as long ae it bdiav&g as a porfeot gas—the star gradually riHCfi in t-em- 
perature, and ao pasaea into suweflaivo higher Type*. At last & Type m aLtalned—determined by ita maBB (see below), 
—at which radiation balances the energy supplied by contraction, and the star therefore begins to cool, and, entering 
the ranhK of the Dwarfs,, paaaos downwards through the fame Type* again to inviribiiiy. 

This theory, whilB it odbra a very simple eiplauation of the Type-gradations, by no means esplains a]] tbs facts, 
and from the pbonOtnena of Novk itnd White Dwarfs^ it is now suspected thni:- change of Type m&y be of a cata*trophle 
naEiire, due to the oollapso of a star. 

Mass-Luilllnosity Law*—If sc*ra aro plotted according to maaa and absolute megnltade (Inminosltj) they lie 
along a smooth carve on the whole, maas-r luminosity being practically a constant (eicept WhitE Dwarfa). This mM- 
relationship enables BtarmaBBOs to be approximately calculated from the apparent imagnitudia and litmiiicifiity. 
A starts maB 5 ssems to determiae Its tomperature, for only thoBeof great mass Type and those of very grest 

maes Type O. It now seema cortam that a* a star grows older its mnss decreascB, masa being converted into energy. 

PeiiOd-LuminoaLty Cupvt —Many stara vary in hrLghfcneaa, some irregularly, others in more or regular period* 
A oertaln type of thwu, known as Cepheid* (p. 12)> have the peculiarity that tboao of a given period have practicaLllj 
the anma abaoluto maguitude (luminosity); th* longer the period, the greac^ir the abaoluts magnitude. The Tisual 
magnitude of a Cepbeid alatp of known period, will therefore givsita diatancCL This property of Cepbeids is o( 
great importance in measuring the diatAoue of eitrs^galactio objogta, but the reason for it is not yet blown. 

Star Masses aru only known directly in the oaae of bmariea, thsaverage binary system havingabou11 -S times the 
Bun's niftsa {contracted, 1'8 0); halving thi*i gives the average individua] star mags ms O'S, or nEurlj Lhfi.t of the Sim 
Tbp mau of nan-binary stars is roughly calcalable froiu nmas and laiuinosity, see abovp. 

MasacB five or six tlmEdthat of the Sun ar^ not common* and no ma^s less than that of Kruger 60Et, 1/6 eh of the 
Sun’s, is known. The greatest known massOg are the components of a mag. S OS binary, FlatkiU^s Star {II.D, 47,139, 
combinEd absolute mag. -6^3)^ at least 158 and 113 times the maaa of the Sun, 

Star Densities^—Thooe of Giant M stars are Ttty itnaU, lew than that of air* being only Homu 1/10,000th to 
l/20,000tli of that of the Dwarf Sun, which la 1^45 timea that of wat^r; duforw bas no greatpr average deuBixy liian 
the vacuiim in an electric bulb. To make up, their diameterH am of the order of 100 to 500 milliDn milea (see p. 91). 

The White Dwarfs are at thu other extreme; Van Jfuajwn'* Star^ absolute mag. (viijual) 14‘4, is found to be about 
the siie of thu Earth, and aomO 300,000 times as dense as water—20 tong per cubic inch. A.C. + 70" 82'l7, a 13th 
mag 00 star, is half the ilia of the Earth, and 3& milliou times denser than waters 620 ton* per cubic inch t 











TITE STAM. SI 

Stajp tapes,—Spectral it chiefly a tcmpcratui** phenomenon, and slcKar temperature& can be 

meuarad by analyaiB of the ' energy diatribntion' in their epectra—that ia^ by ftaoertaining che point at which tha 
inte-nfiity i* greatest: the further the maximam inicnsity ia towards the Tiolet ond^ tha higher U the temperature. 

A atar temporatiire so found, bowarer, i« not that of the interior (which in the Main Sequence is nf tiao order of 
30 million degreesK.), or of tha mrface, but k whut lb called the Ma^k or which maybe 

defined ag tha temperaturB of a ^perfect radiator* {«iy that of a sheot of iampblitclc, the Deiwe=fc approach to it) which 
Benda out the Bame amoim t of radiation p&r unit of area aa that orcltted by an equal area of the atnr. This is based on 
'Stefan** Law—Ti?., that the total raduktlou is proportional to the ‘1th power of the absolote temperature (Heebelow)^ 
multiplied by a constant depending on the n.ature of the radiating surface. For the approxiiuaio eJfectiTe temperatures 
of each Type, p. 16. The White Dwarfs havo central temperatures of the order of 15 millioD degrees K j the M 
Giants, only a fow mLUiDn degrofla K. The lowest effeetiTe temperature known L* about UOOO'E, 

Thf T^mpiraiunt of a star is determinod from tbs cfw^jn6i*^fon of iutfluaitj in the continuous hackgrOniid 

between the lints of its spectrum : it is alwaya higher than the effecUvu temperatufc based on the total radiation ; the 
difference increases with the tompemtum The iTcrage Colour temp*rature ot the AO stare (IS,000"K.) is thn eefo. 
Tht AbsfllntE Tcntperaturc u tha temperature above jl&KTfuJtf Zera, the temperatura of & g&a oentainiog no bcat^ 

- SilS'C. f - OBUflUy stated in degreto' K' (KelTm), which is tho ordinary CcatlRtade tempwataxe^u.r £7 3' C, 

To convert K' into Cantigradodegreft^ Bubtrach 273* f into Fahrenheit^* multiply hy S, diridd by fl, aini subtract 46iD", 
Opacity and Radiation Pressure factors &f great importance in the theoj^ of ttellar intarEore. The first ia the resist- 
iQM cf ths gaseous matsrial to the outward flow of rEidiatiofl—hydrogenp the lightest elomont, offering l&'sjt reflistauce ; the 
opacity of tha hlghty-ioniaeft atnms in stall lU? Interiors is very groah End^ii&n iVwura, ths mottifcutuid of radJaut energy^ RJid 
pro|»rtian4l to ths 4th fKJWer of the abaoluta tsmperftttire, ia Tery groat inside a Star, ftud luj-gdy contributes to the sapport of 
ths Huper-iueumhont matter. It also seems raapoiisible for cometa' tails ; as the woiijht of sphersfl diminiahes aa the cubs,, 
and tbeir projected araaa aA the square, of the diamsttr, for exceedingly small particlM in Lbs comet, when near enough to the 
Sun, a point is mached at which radiation preaeareexceeds th^gravitati-onivl pull, and these particlos will be repelled from theSunr 


Star DiAlH^tars,—The angular dianietora of the etAre aro far below the limit of direct angular msaaurBincnt, 
buti in 1921, interforometer meaauTBS showed that Antara^ AnCur^tij and later, J/tfUj have angular 

diATDQtersof ^04 r*, ■023*', and correaponding to SlT-j 400-^ 210-, and 125 mill ion miles respftctlvely, le^ nf 

iTioTB, according to the parallax adopted, (The mileagH fgr any paralliLx may be found by the si m pie rule givtin bolo-w). 
Be-telffimi, however, apparently pulsates, varying Irom O'^-OSi to 0"^47. Slellar diameters can alao be cal ciliated 
on the l.'nF?is of surhtoe brightness and visual magmtnde (s&a * Lumiooflity*). 

The diametere of Wiait* Dwar& are of planetary abe^ B being rather smaller tban Neptim-e; and A.C, -h 

70' 0247, roughly half the site of the Earth. 

3>iMiet«- in hiiS«."-^rultiply ths angular diameter in sfleonds of am by 91?,000,000, and divide answer hy the Annual pArallAi. 

„ Kiiometrea.— „ i, ,r lft0,00O,EXM^ ,+ n ^ ^ 

Stollar Rotation.—in some spectra all thelinea are equally wide, mostly faint, and fairly abarp«€dged; the 
metaSlio lines being widc^ the Stark effect- cannot he fcapoQBihle. The wid-R Unw? arti interpreted as being due to the 
atarie rapid rotation^ tlia widening being the efifeot of the lines produced by each limb, which are dlsplacied in gppnai ts 
directiom. The mast mpid rotation yet found is that of Aiiair^ 200 km./sec. (160 m,/sce.), which rntat^a in about 
7 bra., although its diameter U abopt. timna that of the San. Hmallcat vtlocity detectable, about 30 km./*ec. 

Star Voloelttaa beat known froai the radial velocities, fonnd by the spectroscope with conalderable accuracy: 
it gives the miaimura-paasiblc value for the "epaoe^ or rsal votccLty, which, in generah ia greater, but is known less 
accurately, it* other factors of paraltai, proper motion, and Aolar motion^ being mor* or lea* uncerUin. The space- 
valociticfi tan not, however^ differ greatly from the radial ones, unless the crogs Telocity ia relatively great A* cro^s 
velocities, on theaverage^ apparently do not differ greatly from the radial ones, the average &pao6-v&locity may thDro- 
fore be taken to be of the order of I j timas the mdiftl velocity, i.s, the approximate resaUatit of two squal velocities 
at right aqglnu, Yelooities are eipri?asod in kilometrefl or tnilcs per second (contracted, 'km./sce,*, m./*et). 

The majority of star velocities arcs under 30 IdlamBfcrca (15 miies) per tecoiid, thn*a of BO km. (31 miles) are not 
common; but fcliere are notable fixeaptiona, EZ Cepbei having tlit onormous velocity of UOQ tm. (SSO miles) per secoinL 
This is far siit^jossed by the apiml nebal», which seemingly speed through spaca with velocities approximately pro¬ 
portional to their distance (about BOO-BBOkm./Keos. or 310^340 m-.^seos. per inegaparadc), tip to 20Di£iillion light-years. 
oriDOre, for which the iMrTcapoiiding speed ii some 2S50 million kilometres (1650 miHi-on miles) per day (Table p.ii)+ 
On the average, velocitisa tend to increaes with advancing Type^ m shown by the Table of approximatB avera^gB 
radial ireiooiti^fCampheU, ctcs.Jbelow ; the velccity also inereAeos aa tlioabsolute magnitude mcreasRs. Tlit velocities of 
the few E Stars known, fall info three groupi; under 10 km./sec.i about 40 km./aec., and high Tolaritj 250-380 km^/sec. 
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S2 SI^mTKO^COPT. 

StellaF EQUipartitfon of Energy. —While there are oonffidetable differemcoi La the Teloeitlea of lodiTidual 
itars ia ea 4 !li Type, Btara of low Te-lodty, ofi riwra^rj, Lave large maaiiisa, and thoae of high Tfllocitj sii^aU masala, 
TL& fcinetjo energy of each Htar-—die velocity squa-red multiplied hy half the msas’—ifl ilaOj on the avgragt^ apppoxi- 
mately a oouqtant ^juantity. Thia ha^ been sLown to result froni the [nter-action of the Htaja on one another over 
enormaUH periods. The 13 atara, however^ do not conform to the rtile+ 

Llght-AbsOPptlon in Sp&&0 Heema to be almost negligible, as the diatancea derived from the brightresa Mid 
diameter of the rs-mot^t aplrftl nebuls are fairly Accordant, Within our Syatetn,. howeveri, fiapeciatSy ncAT the Galaotic 
plane^ evidence favotira Bralighb&bBorptiong which r^cfiie™ the itars—ipflp^ Jeaaens their majtimiiiD in ten alty, diaplaoingit 
neareif the red than the normal lor their Type^maJeing absolace ni^nitiidea more than they shouid be, and difttanoea 
deriv-ed from them too great. For 0"7 mag, ab^rption per lOCOparF^Rca^ at f>00 partacBthc real diatALce would lie 14^ 
less than the apparent; at 1000 parseca., 24% Ichh ; at 5000 pareecR, 56% less; but later evidence favours a smailer ftbaorp- 
tion, 0^40 mag, per 1000 parsecs being the most probable for uniform interatellftr absorption in the Galactic fiysicmr 
Cc^cmr is the greater rednoas of a star (or external galaxy) over a normal star of the uine spectral Type, 

it impUea some special factor^ eitcb aa giant and dwarf dllference 20}^ or space rurtldeniDg. 


IV, SPECTROSCOPY, 

Spectroscopy haa now bocomc of such far-reaching importance in astrononiical rsaearch that some knqwledgo 
of ita salient facts and terminology has become a jfiintf ^ua jjoa for understanding the differences between the varioua 
Type* of stars, and the reference^? Ln ourr-ent astronomical liwrirture. A aifnilar knowledgo of the atomic changes 
giving rise to the various spectra is also uacfuli the following briof outline may hslp those unfamiliar with the subject 
Light LB Huppottol to bfl due to nnduJationd or WAVes tu a (hypothatic*]') light-tranamittinf medium Imowu ASthe ether ; these 
light-wavea are o! infinite variety in their cwt^tO-Cieflt or ^ wave-length' diatAQOefl^ wma baing ciceedingly short, others 
pwattvely long, but the eye only perceivea thoso within narrow limLta. The shortcat wave-langths visible p«^uce the isflnMtBon 
of violet in the eve ; thosa About twioe aa lun^, thu aeililaLlon of red ; those o-f intrOrmediate wavo-langth give the istUi^tioD of 
btue^ gresn, yellow^ or.anga^ Ac. Tb* light from an nhjoct La anatyBed by paaaing it tbruugh a allt iu the spectrioscopa to 

1/lOOOth Inch wide, tlien either (a) tkraugh a priaoi or priama ; cr (6) lattin^ it fja.ll obliquely on a fi.naly-rulcd ■^grstingin both 
r=ajtM the narrow beam of light 13 spread out, or ‘ dispersed,* either into a long colcurad b%ad, or, for some kijida of hg'ht, iota a saric* 
of Fseparata hairdtko coloiirod linct (fl) foruM whjkt is known ae a pritmatin apoebrum, in which the wave-lengtha at tho red end 
4re raueh Isab apiead. cut than thoas at the violet end; (6)^ * iw-'VTKfi or dCfmj^ion apectrum, in which tha disj-wrarLon la Uniform 
throughent, Aud spresda out the rod, snd to better advantaga than a priam doea the low of light in ^r&tingn however, ii fse 
00Eis1deni1ii-l.e| that they canaot be iisod; fcr faint spectra The narrower the riitj the purW| but fimuterp the hanil Epout-ruux 
^t b ^ rm . g ag « — fl. ttw - ^ 
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M. 'Nqrmal' or ^ DLa/ftctioo ^ #p*o6riifnf *lli|Mriiiia uniform. Pr *Pii*Tfiitia' ipaatrutfl, aame Ivuftht im»11 diipiriiaD «d tnd, Iirgaat rinkt Bti4 
\75H, TtiluHt I C ^flUaS^^yiiriitfSfi, i/fli I EX5S70^/rimitL:*. I F M&ol, 

B M I Dj I Pi 5370, jffetwia | 5, 5ia4,ilfd;yKHr*i'i* 1 G 4306,/roipifii I K 

Angstrom Units.—The cTestdo-creet diatancce, though very minutSp can.be mBABUPcd with ircat flacurEioy, end ore aipresBed 
in An^itrtm (ooutructed, AG., or ang^tronsB)—oArii l^t«i-mi5lionth(iO")cf a millimeEie, or a * tenth-metre ^—aymbotised 

by the Greek letter >. {donebin^ Ajig. wave-length)^ followed hy the number of tMi-mtllioptlLs from creat to crestt 

The iBtcnmtiorL^ Pritnary Standard wavB-lEDgtli to which other lines am rsfoFTBd, la ^C43!i-4eM, the wave-length, of a rod 
line emitted by gaseous cedmlunip aud unite on tills hiLfda are deaignetad a. A' (Iiiterufttioctal Migstrcm>i b& the origiual AU. was 
slightlv avi?r-va3ned. Tliedw ATS ' S^conJary^ and ^Tctt.Lrtry * staadArda, using the linea of othor nleinciitA. (Sm TV. 1&22-2S). 

The Greek latter ft. ie oomotirnoi usad instead of oafKsJioJly for tho longer wave-lengths, indinating that the hgurea are iu 
tboTiBsndths of A miilimetra (micronis) instead of ten-millimthai of millionth^ of a millinifitre, are also Bl>meUinesii 5 e(l. Thus 
aO'GJ3B4^536=S34C£H7=^e4S6'46S3. M ie need os the plur^ of X. p.—^ ; tt.^%.~ 10,006), 

The Vlaiblfl Speetmm ranges from abcut X3JKSO in the eitromn violcLp to XT60O in the extreme red, but it has no definite 
Emit 4 , M eyes vary iti aecflittvity. Unseen, beyond the viekt, m the u£fra-viori5i: spectrum, of ever-ahortBuing wave-longth* 
PKonJod by ordHLDjy phoDo^aphtc ptatcfl up to about J^2000, and hy special apparatufl to MfiO. Beyond the red, alao uuscgU, ij 
tbs m/ra-T«d^ cf ffTer-letigthefling wave-lengths, wmfitimEa called the ‘ hcAt apcctnim ' ; it is traces bio to M2^O00 by spscid 
pbotngraphk platra, thcreaftef by Other means, to tlie limit of the snlitr apectrum, about XG0,OO0~but theurs Are WAvedeng^ 
tar longer and shorter than these limits Osygen in our atmoppherei and an ossqdo Layer high up Bbwrba sH radiation from oulaide 
shorter thAn except Cosmic; in the iufrt^r&ir radlatioo is of gmatar ware-length than \46,00a [V). 

Conrentlcmstl Divisiona of Wave-length (houndariiBa indoflnite, each kind groduaUj mei^s into the nait: X-=ftngBiromA). 
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Tha Effective Wave-length of a Fadistmg body may be stated geuenJly as thn wave-length at its Average Lntenaity, /or 
dtfitud flallilly, pboUjewphically, 4c.—tlia wwe-length at irbict MDOiuit or iiMh nuimtion im Oqtul OQ aid*. 

• Frtiiahofsr'i-lvttwi nm from red t* vielet j vivlot ta rid ii now preforred—ware-leflgtii orderr 

el iiQilukMukifi per iBaaafL 


+ ii kliu ijuipcl—tb* nucibw 


























^PEGTIiOSCOPr. 


23 

Eiat&siDii .&ad Absorption SpBctra.—An inoftudoBust AOlid, liquid, ar gas- nnder preuan,^ what 13 exiled a 6on^ 
imuiiii* jpacfniiTi^ wtlOQ th^ lifjbt it cmiba u poasad through the priiniw of the epectroscopfl. In othor worda, it eMoita hghc of aJl 
HiAPift-longtlLft betwiMin the deapeat red and the diMpeat v\o[bL Under ordlfiAt^ pruasuraa^ bowever, ^a^h. di^meCktoiy anbatanc* in 
th& gftwoua atftto whoo ai;i;rFtod, nnlj DGrtaio definite waTi&-leagtb@ peculiar to itaelf, the wt of tho apeetniia baing latBailig j 

in tba spsctrosuopa thoae npp^ar^ wbeG a mmv iHt la u»ddr ^ m aarietB of iaolac^d hkirdik^ bright coloured linsflp forming aa 
•amLEsioQ' or brightdino epeotninip and tho ippeamtic^s of those partirqlsj- linea ftlwfijtt lutliratyBa tho praseni^ of thAt elemeirt^ 

On ttiD olhojf bAadp flach cloolont in tha gnsooua atate cuts out fir CuotU cootiDiiuDB-apwitruiia light traTermog it^ the 

wave-lmi^ks fAof ti miU wAm ars^^^^ 30 that in tba BpectrofidOpOp the light aeon thft ttbsOrption ia no loagfif 

oontinuciLS^ but brokan up by a aenoa orhairdike dArk lin(?3 (tho iiiiAgO of tha alit) whara the .1- ij^ifliod Waro-lengtb» uro toisaing, 
Thew dark linOA oooupy a&mc pos-itiouil as tho bright lines of the emiailon AOd art^ i;4klliBd ahnar-ptwn £iA4i } they not 

only mdicAta the prtflodce of tha elamenc* hue alao tail that it in si a lowar tomperatnro thad the light-aonree hobltld it, as abaorptioii 
only takm pkoa if tb@ BmUsjon of the Ab^rbing efnh^tAikOQ ia 1 <isa than tbit of tfajo amitting anbsUDce bebjnd Absorption llnaa am 
Also found id tho aJ'b:A-?io-lot And IbfrA^rod. LLruy olotnenta are represented bj hundreds of MaeA—iDmatlmBa thotuftmlE^ OH iithn. 

Praiw hofer Llnea—The dark lines of tha solar apochrurD are called liter PtftUllhofcr, who ra-diacciTered thotn in 181A ind 
lettered tha nnsst pfxuninont onea ew in th&TAble above, which Alnogiroja iho corresponding Elemeqt Aud w*?a-[ao5th ■ (L^ (31)^ ftt, 
in the ultia-violot, wojro Added lAteiTj And the erigiiud (H^ And [W) fo-lottar6d (H) and (K). But ta the same bttera Are alw 

mod ihr star 'I^poa^ and AS chemifAl ^Kubola for elomenta^ bo prevent roofoaton the I.AH. rooemmandad ei 4 foUowb, in 1^2 r_ 

Ltttm dea^tiof Fraimh&rer hnta in aatronomicAl work*: ahould be printed in ordinary Eoeeud capitAti, in paiButhosea. 

^ „ Chemical S^mbola „ „ ^ italic capitaja, 

The(H) Fraanbofar haft tcAl*EUin)|, must not beoonfhafti with Zfy, ITS,, Ac., lines —m lettered by Yogel—whioh danote 

ibe' Balmer' •eries of hydrogen linaa belonging to the normal hydrogen apoctnim {only four AppOAir in tha ordinjay solar apeotrum); 
nthtir' seriaa * of hjdrOgnn iLbe^ *pt>Oftr under different coJiditioiia IT 7 U ^ 4340 r if A ^ 4l0a 6 , (k 5173) ifl magnesiqin. 

Tellurle or atmosphartc llQM io tho iipOctniJii aa (A)^ (BJ, Hrygon; and (a) WAtOf VApour 7 lB 5 )^ T^olt from absorptiou by the 
oaygea And WAtw ?apour in our atnniaphei^ and have no -p^a^ OF (mly A veaj fbint plac^ IR apwtm btf-uM they reach the Eartk 

Bands, greufrt of ?eT 7 dow linen— one side ihArp, the ‘he*d — Ir low-tampOTture apeotnv indicate a TRo^emlar tpecirianj 
craa prodwcfid by moleeuloa, AtomA of tw* ololncnta chamicslly comhined + the ordlQiU^ spoctnini is that of th* ROm^ or uautnfcl 
atom {bbb balowju A.Jtv4nd apBctmin ia one that baa reourring gronpo -of Hum or DUTOW bilidfl, giTiRg it a fluted eppeAraneA 

FEamQh Ar^r Spark SpoctrtU—The liRea preduced by esoh elemenb ore not the aame under «U ciroumatAnoBa, beiiig 

changed or m-odihod iindar diilbreDt ooDditioD9 of tompernitui;^ [)ro3aure^ capoclally the fnrmerr The .Mu-noes^ or ]ow- 

tomporAture Bpectrum given in a Bunsen burnor (&omo £000' 0.) bos 0om.partLtEva|y few lioea, Abd diffoia in aoma r^peots fiom 
th^t of the Arc speotrmn obtained in the elccLtLO are At a temperature of some 3^00^ C., in which new linre may appeaTr The 
Spark spOctrUDl, JtgAin, produced by high tension diftchargaa, boa different chaiacteristiDA frutn that of the arc one^ ftOffifi * low- 
temporature' Linos, that bATo boen Miog aa the tampereture roj^ai dlsappoaring j» 1 together, while other licea art' [p. 

that ia^ have grown mure inteow, i?p«otra can-be studied up to temp«rfttured of Home Q,^ by elwtnoilly-^plodGd wins. 


D&ppler EfTeotp mr the dieplaoemeint of the linee aa the reauH of motiou of the ligbt-iMjrttre* in the line of Aight^ is of great 
impartaoco, OQ it QDAbles mdiAi velocitJea and Totaiiou penodi to bo found, and apeotrosco-ptc binanea to be disioorerwl If m 
•ouurce of light fa approaching the observer, Any liuaa asen La Its spoetFUdi will not be in thsir nermal positiouSt but aoma distance 
nCAIf^ the violet end of the Apectrum, or if tha ligbt-isoiircii la receding, nearer tho red end of the dpectniDL As tho diaplacsment is 
preportioEial to the velocity, tha radial velocity can ba caJculated by identifying a aertaB of linreAud tReaficiring the ameuat ofeblfL 
In tho CAM of a bitfciu^ itor, each etar produoes its own aet of lines ; whoa both stars arn in the line of aigbt, the two aet* 
Are super-imposed anJ appear aa A singlo thore bfilQg liO orbital radtal motion towards ns, as their motions Are At right Aoglre to 
the line of sight. But when the stars OpOd eut a^iutlp one star la moving towarda^ and the other awny UA, so that the two 
ssta of linea (wparate in opposite directions^ and revDal the doplicityj and the reflrpeativo orbltsl rftdkJ Spccdits the same principla 
appliaa to the opposite limbs of the Sun, of a rotating pl^Rot, ot of a star (ji EH one ofwhiah is movLng towards^ the other from ut 
InUntelitr Liacs.—SuinetLmee in Ncvie^ and in O- and B-type binari^ which ere tcw diataol, a third ret of pnictioniLy 
stataonary lin&a pf calcium and sodium Appeam Tbe$e Hum are now known to result from the praseoce cf totemtoli^ mstter, 
imifonuly distribnted, u) genera^ through our l^ysttnif and which relAtes practically with khe Galaxy;, in eUre nearer than ssy IflOO 
pusbtis, It dore not reveal its presence, becauso their Light does ROt trAversa a sn&cicDt length of the absorbing medium to produce 
a poreeptible effect Tho more distant the star^ the Btronger the IsRes, which proparty can be ured to And the fttor'a djetaoce J; 

EteinaJS Effect.—If a msgneUc Add ie pinasent, hues Rormally ERgle may split up into two or more liaw—frotrl which the 
paUnty of auDspote] Aud tho poelttoQ of the magriotiQ ad3 are found. 

Stark ElfiCiL—The splittiag up of lines by an eloctria held ] tbore of heliiim sod hydrogen are greatly afFoot^d, those of 
the metals hul' tittle; thus it con be dEstinguiBhed from the Zeoman cdleoL The homer the helium and hydrogen liEOS, the 
etroRgor k tba clactrio flotd, and the more prominent the forbiddao liore ; also the d^rirer the ateilAr aimoephere must be, to 
give tbo eleatno flotd required to- Allow the forbidden Kioeo ta be produced in quantity. (See abo Stellar dotation, p, £I>. 


The Atom and Ifs Properties.—The varied stallar spegtro, anil meat of the above * efTocte*, are due to Internal changea in 
the atoioA of tba elumcutA in tho stoLisratme^pbarea^ nndor difTeraut temperature and praa^ureooRditEoQB ^ the followiRg main 
-underlie the various pbcnomutis^ ou. the Bubbcrferd^Belir thoDry, which cxplaitis them wclh though not compEetelyr 

The stoniB of an element are the acnallcst porticlaa diatinguisbabla by chomical means ; those of each elament dlffbr m wcighi 
aod pmMrti&i, but all ore hiult up of the airoo fuRdaruEntals—sTsciroiw, and energy, tiach inroton {tl*. hycIpigUB Rucleds, 
eeep. &4' him a oonmJknt p^'si tire charge of dectricityi and Each ajcctrop (mass nnSy 1,'] fl47th that of the tiUckualt Oti equal negative 
charge. In the uofm&l Atom, lliea& obiurgei bahmee^ and there being no eleotnc Held, iu ihk cenditiou it ia callud a usu^p^ aitm- 

















The Stfucture of the Atom.—Atom* are pictqreci m mm!ftCureeuU‘ADd^plt.bat HysLccoa, thaitom orcadu dfime&t hmng 
supposed to OOCiij!.t of A mLoJe-ufl [a^tremely^njffcll, e'Tfcri ootiipiUSTttl with Iho iinj atom, 4iiul itaelf compoBed of pnjtoiifl aad Dsutpona, 
iee- bo]ow)'^ poaitiTel^ chirg^ and VCirrouudod hy oau or more ‘■ahella^ (orbitg) q( e|ectrurL»: each electo’&n curi&a a AJli^l-a 
negativa oliKtriic ohaT^, eaeh orbit only one oloctroiL 

In its ntuTnaJ {Tw>n-i&niii*d) statii+ an atom ia not charged with otectjicitjp hence the number of imit poeitive obsjrgee {prctona]! 
b ita niaeleiii la cnjiiaJ to the mimbar of electn»Tw wbiok aurroucd it ihui nutuhtr k cahod the atomic number (diffoTMit from 
tliB or mflBS of the elementjp ftud dfetHennines tia dhamicai proportiea. Elnmenta ranga in atcnnic nombar from 

1 (hydrogen, the flixnplas-ti with one eleolron) to (uranintn, "with 62 e[EGtra-nB rewjLTsng round the nucleaaj. 

The K-rlDSTp ArO.—Ilia aJectmuHDrhjts are apaoed in gmuia, each member ofTrhiob haa about the aame and djametar^ 

hnt nuky did^r m ecoentrloityu ITlow groups rum known as — oanabyn more appropriately., aa j4e!U>, becau^ the members 

of each group preeumably ino^ in difierant pLanae, thair diacaet'ani being about tha eamOy 

The group naaniat the nuclauis oonaiata of two orbsU of equaJ entrgy known aa tha E-ringf which haa Lhe lowcat onorigy iif 
all theringa ; neit comefl the A-n'w^, with tight orbits 5 tbOD the with 16 orhiie, anhi m on ^ the outer ring of ao elemBct'a 

eleotfona may oontaio only ona electron. The chemical and Apoctroacnplc quantiU^ of an element mo largely d^terminad by the 
number q( electrtriiB la ita oueormoat Layer | thcaa- ore alao the mofit easily ^excited' OF ^joniaod' {kuocked aeo l^low}. 

Collisions.—The atom:^ nf a gM, under the aotsoD of the heat which it Dontadna^ mah abont at vary high apeoda—to which gaa 
preaaure ia dna—and are inoesSAUtLy coliiding; Lhe higher the absolute temperat-ara {pi, £1], the greater thalr fljiecd, and tha more 
the colUaLoua, In a rarefied gaa—L*.^ oho JVt a Vairy low prtsaaora—the jonmay without auy colliaion^ qr free path^ of the 
atoQ] [e loug^ the dtstauce betwoeu the abotniE bcLug relatively graat ; cxilliaigiAfl are tberafore losA frequent than in a dsufie^ goL 
MaEecuks;—At ordinaryterrastrial rempoaturea^gaBBadonot exietBaaingle At 0 iuabutftdiinof«cul», 00 m|> 0 ^odora piur(orioure) 
ofet^bi&a ici oombinetLon^ cither nf the same or a difiareut element i whan the temperattifo riaea aufficiautly^ howeverp mol&culen ore 
— i.e, ^ reaoSved into mogle Atoms^few orlst- e^en At the lowest ateliar temperahirea, The apeed of the molecultw caiupofl- 
ing a gas ia proportional tc the s^UAro roeta of :—( a) their tnoliKiuLar weighty iuTeraely, tha Absolute te^uipfrataiep directly ; the 
lighter the go^i, Aud tho higher the tomparaturap the greater the velocity of the moleculci—eACti gas hAVing own valooity for a 
given Comparature. Laft to thamBolvea, the molecuLBa would dtaaipate into spAC6y but 00 A aoffioiently CnBASiTe body, the gravita^ 
taaaal force rataina them with, a feraa depending on the body's KLftaa ind ruditla—an importan t factor in planetary attUOftphajm 
The Eteape is the yelooity At whieh a pliwaet^s masa ceaaaa to he able to ratain a gBa(p HydrogEU, the lightest 

eiomemt, ia loat firstp then heliuDit water vapourt oiygen, nitrogen ; -cnjboiiii? Acid tAatp but At velocities no greater tbeo a quaitc^r 
of the Velocity of escape,, gases diaaipata into space rather rapidly. For the veloOLtlosOf csoapOy bM p- -y-in- 

qnantB^—The energy uamponent of an excited/ SM below) 4tOM ift atOrCd up in (popidarly} * Biiergy-AtODflAp' which CADUtKt 
he sph-divided. Each of ttieee k known as a (plural, quanta), aod .repraaenta eoeo^ equivalent to that of radiation qf 

temis particiilAr wavedcngtli, quanta of long wave-length having aruAll, thena of ehort wave-ieagth greats euergy. and Itmg 

wave-length, aa gancral tenna, denote those at and beyond the blufi and jwd euda of the apOotrum, neep^otlvoly}# 

There are quanta corraapondiing to all wave-leTigtha, each demeCkt having ita OWn particdlaf quanta of ePOrgy, eorreeponding 
lo those wavadengthaof radiathm which its atoma fimitorabwfb Itndof diftoreut coaditieoB r only qnaPta wi^ tiBlrfy these wave- 
lengths CAD qfibet ' tmoeatlonfl ’ io that kind of atom, but th-oae of aborter wave-length may ^ iauiw' the atoTn-^^r., kneale. oil one 
or mors of Ita alaotroiiL^ (aoo balow^K The amonnt of short wavedeogth energy id a gaa depeDde on ita absolute temperature; thm^ 
at high temperatnroaq abort wave-leogth quanta are more plentiful IhAn Icu^ UUda To eUtn Up ; in A stellar atmophere r— 
Tomperntpre is bd indax of (fl) the number of atomic colLUiona per Becosid/. for a given prassum ; (5) the apeed 
of the atoms ; ( 0 ) the violonOA of the eolllaionAj; {d) the proportion of ehurt wave-length energy. 

Pressure coly alTects the froquopcy of tha coUieiona^ by iiiqrcsaing or detreasiug the diitanoe betweeo the atoma 
TranALtions,—Whaa all the electrons nf a neutral aCnm are revolving in the erbitA nearoAb tho nucieuja^ the Atom is aasd to 
be in ite ioicBif ofrground (normal) atate. But (tf ) by a iuMciantly Tiolent^cailiBLOn with au aliictrop ot another Atom, er (6) by 

encounter with, and ahaorptjpn of, A quanilim ef eu-eorgy Cf wavo-length tha same as ona of ita own furilamentaL qUAbtA^ All 
atom rflay andeigo being * toiaod * or lifted to a ^big^her lev^ils^ of energy^ and from that, it may be, to atill higher 

and higher tev^l^ the elootrou being forced out into an orbit of larger diameter, in accordance with certaiD lawa EoFinddan 
traneUi^ne Afe thoM ferbidden by these Lswa, though they may offljur Id eertftJjQ upuauaI aequencea of atepa. 

Excitation.—At every traneltioQ of an electrcNQ to a larger orbit^ a quantum of doGnitfl wavEylongth is absorbed by tha atom, 
wbieh is then said to be excited : it thua bMfCitnos a greater and groater reaervoir of enor^ ^ Lbo ex-dtatton increasee ; wbatoVoF 
the Amount nf axcitation, ho wev&r^ it atill mmoLoa a ^ neutral ' atom. 

If left undisturbed, ad oicitod atom ‘lalla' back to iia lowest energy state in a hundr^'iaillinnth of a second, emitting 
in the ppoodffi oa many quanta of the aaeqe waTe^lengths Afl it has absorbed; the procesn may be ACKunplished in stagea. 
Oertain tranattions, however, ore is^ If left to tholBlafllv^ift, oicttcd atoma in that atAta may continue in it 

^r hundreds of tboiwnda of times longer than ordinary aacited atoma are able to do, aomcdniBa avan for secends, 

laulsailOQ.—All electron of a naiatraJ atom may noL only be ravved to a Isfger orbit, but may a 1» be completely knocked 
□ff; and loft to traval on its own account ^ the atom h then wn-kfli??, wjd Es DO longer ueutrAl^ bat tjosltivoly chAFged, the negative 
electrou hftipg lugt, lonisiition may be caused (a) by a sufficiently violent DolLsaion ; (A) by tncnuiater with a quantum of abort 
wave-length, with more tluin Auihaiont cner|y to life an elaotroo to tha ODtennOaE lavcL Icniaed atoma may alac he excited, 
Atoms [DSiy bo singly^ doubly, trebly^ ionised. The nautrai atom is indicated by the chemjqal oymbol qf the elemoDt 
with the RomoiJi numei:^] I offixiid, aa neutral oxygenj far aingly And doubly ionieed, 11 , iiq are Added,^ and eo on^ oi f>ii, Oul 
An □IdHT pyitem affixed a smalJ for Jiingla ioiuBAtjau, -*-+ fsr dent bit, aadsa mi, cd llatama u Q+, 0+-^ i 

stUl further back, the acoMfe cmuKicg culwnfled linei w-cvv known an protwalciuni^ protonjsgnctium^ fet 
Atoms viiry in tha amaunt of aoergy requirEd to Ajcita and iauise thom^ and the amouul af energy denoted by 1 (ftlooErop-) 
tiqU+ ia taken as tie unit of maasurement. The number of (elesircn-) volta required to oiclt*, op to iouiso, tha atom cf each 
element^ is called its Exoitati^ and /tmircEfr^ FotsTtiiale^ the Latter, of courBa, being greater than the former (sea Tahla^ p, xi)l 
* Iaivv cApitob Bxn #4»t» viikIh hat ihm iiiiaLi eapitola m modh ffiaciswkal mmebXa^ Ixtitu tLt 4aili±iaj7 woLi. 
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IHO Mass tha Mom, or alpmic ww{ght, conEl&LB altnmt enEiralj or tha mara <]f tha ntialauf, lEtd from tbpt of the 
h?arQeeD itflm (aputOi. unit^, 1-OOTJ, to ths £3^ of the uranium atom (the atandfird h Mygon, IC). attuan^Jlr, but not ftl™ 7 a. 
the weight of tha atom ii^cr™«a M the atomic number. oScmeuta tiiA^ OlkPt baling iJentloal fttflmac numbm l-nt 

difforiQE b (awmJO weight}. Siunh eSemouU, woiab Art chcTnically AK called Thn^ m 

oommoti IWU tbe ohloiriflO (fitomin 17) mnslita of a miiCure of two wtotnpeji of tnftiiiWffl (or rCouhc 35 and 37p 

whiEa bTdro™ M nonmdly found oontaioa uf an iiiOtOEH^ of masE £ (douteri™ or heavy bydlOgeihp symlal _ _ 

Kays —The btsftvjeat aletnemU and tbair isOtopaRr end Home of the iflotope* of the lighter e^ementi^ Art tlmt m 

to i^V their fluoki brtftk up HponUotimaly, mtootbw Duclai And [Wtides, aotue of which <eloct™uHor ^ rnyss halimn nncLul or 
^ raTi' lOftT beojoctoJ at Tar? high Hpeodn-^when ikatMt* and moat ^lOiietTabinjp baing kliO^'tl Af¥ raya ; when alower, rtj^ 
ThaV alHO riTE out elaeirti^EuAgiiatie rHdtAtioURp caned 7 mjJi, which rt^mbSa X-rayB, but Art of hftrdoT (i*., flhortor} WftTe-]eQ^h. 

'miflB run a iwf (a rapidly-moviug haUum nuclcua) BtnJcca another nudeiia it may chUhq St t* Irtak up luto lightW PUdeL 
In cban^ uncharged nuclei of m™ I (n^liifwu). and pAlticlaa of altKinely tsmall luaaa (n™i™m)p are MmsErniESE omitted 
They can be dotactod only when mowing at hii?b apeode, and being ainall and UHCbarg^, have great penetrAtlDfl power. 

Cosmic nuhation, arriving from unknown Boiunse? in apace, may cnnakt aitber of very high apeed -cadmdft' or ^ rays (movmg 
tkctrous} or of electrc-iEagtiodc roiJiatiou of oveu ahcirter wA¥eden;^h than y mya. This rtdiAtioQ, striking atoms,, may give ttm 
to rtpidly-iuDVlng p^ti^ aimilM to Electoua but ^ing A poaiUve IQfltod of a negative char^ of alwtincity. 

The following Table show* the relatiooship of some of the lighter cbarged particlaa and acoma (the USAM naei with thifl apodd^ 
incrtasing enormoualv the speed approach® that of The third column givw an jd6A of the bulk of the partiel^fot 

tha more the atom Monisod (p.£4). the leea k ita bulk^nspr--^" - 
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Sflts Of Linos 5tato ofthe inam glv«riee to4sf lin® m tlie tbe atom catomg m .6 

«ntS Lm, athu* aoJ vari(>m.lr-l«iflod arnma atm; prBaau« atao tha ap^.aH.n« aftha haae. lu atoJar 

HlHMptiBWS of Erimifw comiwsitton, tof a et’en tomirtWtu™ and i>POMHreth«rD U alway a definite li«>^rt|eD 

TbeTaiU Df alina » p^Dcrtional to the numher cf atom* producing it ; atooug Im^ mliaato plentiful atome m that 
conriitiev faiSea n^lative acatoity. St™ng lip» neoall, ha,a ahading on both aide* of the 

CoilMUrS Qf LlnBS.-Tbe d«sit« of black,i«a at any part of the abading of a wm^ Villh ref«en« to the hac^d, 
ia fctmwn aa tha Cbnlowr of tiie line at thit point—Bo called bneauaB tho emergy-corTe obtained by plott,^ the Tanoas inton.ntiea 
aoconding to waTO-lnnglU and Ijaislsneaa, ia aoalogouB eo th« gradienteurre obtained from the wntour Imea on a mftjN 

En]iB.neeil Uhm, in* apectrum, are duo to tbo uormnl atoma becoming ionised, lc®ng «ie or mo™ elKttoca aa the com* 
bLn«J «»nlt of higher tomiierato™ and attored ptoeanra (AiM A}f-e«>; aacb elem^t baa ita cm mny«itmnj™.diticni, limi tie 
(or noo-p%Bao«} of certain llnea in rtoSlax apecto* aER«.d.aolon to aiO pbyaical pmditiOM m the atom atmuapbaroi. 
FOPbidden Lines a™ pmduced by po^ble. but very nnlikaly, -tranaitiona- jwige 24} m the atom, whicb cannot 

direrul Ktmn to tha sraund atate, lot only thfiMlffh Othnr tmnsitiona ; an electa .0 field, however* oa^ tlie unldtolme^ and 
S* field of auflicionl atmngth the lines bacoma vlsLlIft The appearaUoe of forbidd^ l.^ .n a ^ e atmoephem md.cataa 
that it la dense tho electric field lieing due to tbeoioao loniiwd atoms and frea eleotrona, bat In a nebula they become potoible aa 
*fIhrLtile tonnity-^mo l/lCOO-miliiontb of an atmoapber^and ‘weak' (i.r.. not too atrong) radi^tLcn of 
v<aThi«beuortfr, imchaatlio abort WATe-lunglbHMliati on from 0 and E aura. nn. i, . *i, 

^Ultimate Lines.-Tboae fuDdamanUl lines of an element that alone persist under groat rsj^fection. When about the region 
of the spectrum which wonot ordinarily he obnerved. thOBe that eta Uobaen ed we known H /J-iia nftimat 

intarppetatloa (irSpeetpa.-At very !ov, pmsauraaTM in tha Giant atom (p. 20), for a giv^ tomperaturo the wave-length 
enenrv fcva^le ia the slime, aod tha Tioleoca of eoUiaion the same, an in dotiAe stani. j eicitod and lomsed atolOT are also praent 
Zwh. But when an atom ie inniacd, tbediataneca apart in a rarefied gaa being great, there , a IBS. Chance of ,to “ 

alortron, to that the proparttori nf ionired stoma ia gMWtcr, and that of the neutml atoms lew ; tho Gitatatar ^11, therefor^ 
w etronger ioniswi-atom lin« tad weaker neutral-atom Unw. than those in the spectrum of a dense atar ofalwat the wme 
S^ratn^ ( its line* wilt abo bc ritarow and shari^tho to ‘charactorirtlo (p- lej- In danaS .tor*, <m hand^ dlSttaC* 

^t being smidt. ioniMd atom. a<«n nrcaptUM an el^tirm. thus tho neutnvl-atom linSB are atotig, theionis^-atom 1 noa fainL 
*^At ihf low tomperatu™ of ths furnace Bpertrum. tho line, of tho a^oitod atom, are feint (being 

aaBilTOxoitad eJemento), while those of the nomnal (lowest snorgy-atoto) atoms ^ -hrong, tho proportion of the at^ atoma hamg 
the ereatsat. With rising tEmpototurE, owing ti> tha morcviolcmt colHiiori.and the greatar supj|uy of short wavs-Eou^tiUAntft, the 
S W^ow etmngr. c^^g to tSo everincniaaiLg quantity oratoma in that condition, tad at Itat, at tho a« apoctmm 

tompottvtnra, iooi-iad UuM of tho GSwly-ioniBcd olomeDto abio begin to appear-amo evw ap^r in the furnace 

iX .tflgo, tho neutnd-atom linaa dEaappesr, those ofUie oasily-icniMd atoms llret, tha mo™ refractory later. Thus ths 
snark Oowur.tomuerAti,™)spoctrum has feint uautrallinea and stooneecihanoed orioni^ Imi^ beoauss lon.^ atom, now prepon- 
dLlo ; ffeut lin^ of the atoms moat aasUy doubly-ioniacd Wil! also begin to aptH^r in Icwer-t^^tu^ ^rk *l«rtniin 
At atm higher tomperaturtB, the ionised linos also diaappoar. being gradnaliy repl^ by the Imea of douWy and t,^ y 
loniaod atema, tad finally, at tho highsrt ubtoiUftids apark tomporaCure, tad the ^ htgber tompuraUm of tbs O staiA Wty 
tay linaa Wuft in the ^ble apeotruin eicopt ihow nf hydi^eu aod ionised ^ 

feation potential. Line, of other eloEcsiitm however, omt, but ntortly m ‘inacceiMible- (unobecrvAble) poait.ona m the ultra-vioiet 
Bltaotary and Gaeeoua Nobulne. on the other hand, in which the di.mncoa Initween the atom, la taormona, do not ahme 
by their owTlight, but by absorption aud ™-emiasion of abort wava^lengtb radiation of 0 and B star, within them ; they ouhtom 
AtoinB which Art doahly Aod singly louipad. 
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V. THE SUN. IftOON, AND PLANETS. 

Th^ SuHh u aSject fdr Bmnll ^ littlfl inter^at dnlMls feuQUpDtft %T^ Tllible ; sp^^bl pr^^ntiotiB 

AT-e Fe^Qlr«cl in Qb^^rving it ed ns not tp iTija:re the ayesigbib (a^e p, 4.0). 

The disc of tba Sun viaibLft on ordioaj^ ocgoaiods, known the presenU & gr*niilftr or * rico-ffriin * 

■ppoamnee in Itrge tolaaeopoa. Eyeh in a am&II instrument of 2 or 3 inchea ^pflrtnre, tha aurfa-ee will show a mottted 
ippearang&p wha:a the air ii steadj and definitLon good ; but this mottling ifl of a coaler texture than that dolicat* 
grtnulir appearance Been under higher powers with large instmineritfl. i.i., irregular, more or leas streaky 

patches^ somewhat brighter than th-e average Hurfaaej may gene^raLly be seen. They are elevations above the geueral 
level nf thfl pbetospberej and ejusi on STOry part of the disc^ biat are most onmerous in the neighbourhood of ino’ 
ipata They are best Been near the limb or edge of tbs diM^ lince the photwpherB in thia region is peroeptibly darkEr 
than at tbs centre qI the disc, haTing only lome 37 per cent of the brilliancy, acoarding to Piokoring, This ia duo to the 
absorption by the Bnn’j atmosphere of tbe light coming from within, which has lo tmv^rse a much greater depth of 
atmosphere at the limh^ before rsachiDg the Earth, than, thabcomitig from theointre l it therefore appears darker to us, 
•□ontra^tsd with the faculu, which have not loat w much light owing to their greacor eleTation. The darkening u 
specially noticeable in solar photographs. 

Th6 Snn^s Rotation may be traced by tbe daily motfou of the spots aoroas tbe disc from east to weet, the 'synodic' 
apparent rotAtioD period^ as seen from the Earthy aTcraging 37:J- dayfl; apots may thus he visible for ahogt a fortnight 
at a time. The sidereal nr trno rotation period is about days near the Equator, and 27 days at 35“ \ the synodic 
rotation period, at these latitudes, varies in about the same proportion. Tbe mean sideiml rotation period at present 
nsod in tho J^.dr and A/E. ii S5'3S days (^7'3753d. synodie), but a ^5'3-day slderaal period, S7'l synodie, is perhaps 
nearer tho true value, bding that favoured in the recurrarkqo of sunspobs, facnlio, floocuU^ prominencei, and magnetic 
itorms. The Bun's axis of rotatton is inclined 7|* from the vortiiul tn the Ecliptic plane {see p. 40). 

CarringtDn'a Seriea gf Kotatigna (SB^SdajJ, uwd for fltatktitie, bat as ECTO maridiftu the Bun’s prime raEridian tbat poasod 
through tbe atceuding node at Oh., Q.C.T., Jan. 1, 13A4 [ No. r begag Nov. S, iet3 i iioi, 1^33, Jan.£74 (17lL4eiu]. 

Sunspots vary in size from imall Spores/ as the smallest are termed, to groups so large m to be ¥i8ibl& Eo tha nakfed 
eye, on occwon. A BUnspot presents the appearance of a dark irregular spot, or ui^rap aurmunded by a leaa dark 
portion, or psnum&ro; the umhrpk^ however, is only apparently dark by compariBon with its surroundings, being actually 
brighlor than the electric are, though its darkest portion, the has only about 1 per cent of the brightneaB of 

the aveittge surfftot: va^ry blacky round spots, known as are often Been in tho lunbr*. Bridg^M from the 

photMphere, often intensely bright, may frequently be seen gradually encroaching on and dividing up penumbra 
and nmbra,^ iu large apots^ tbesB oia Baaily be seen with a 3-mch telescope, or even less^ Tbe Bi^e of spots vartes from 
ahoat 500 milftt to aeme 60,000 miles in diameter. Those ovor 15,000 miles are visible without a 

tolsscopOj whoa the Sun's brightnaaa ia auflciently reduced by elaud^ mist, or dark glaasL The diameter of tbe ipotj 
iaplading the peudiabraj xaay usually ha roaghlj reokoned as being three timei the diamster of the umbra. 

The umbra ia nsnally soioa 2000 tg OOOO mites lower than tbe general aurfflce, which raaulte in the 
the apparent dispkneinent of tho umbra as a spot approoebea the limb. Od raro occaEtonB, when gf unuanal aize and 
depth, a epot b visible os a small notch on the Sun's edge when juat ooming Into or going out of viow, 

Sunspots are never often at the Sun^a pnlaa, and rarely within 5* of she equator. They occur raaidty in twg 
fcoucfl between 10* and 30“ of (T. and S. solar latitude, Rpots in 4S“-50“ are rare, and no spot has yet been recorJdd 
beyond €0“. SunspotA have maguBtio Oglds, and the polarity^ -h or of tbe ^preceding' or foremoAt iponts of & group 
ia oppaaito in the N. and B. heEDiapherea—which hemispLores may differ very conEiderablj in tbeir spottedueaa. 

The Sunspot Period, —^The HpnttodrtOM waiea and wanes, amaKimum being reached about every H I to 1115 
years, on the average, but thure is no definite poriod, intervale between maxima Imring varied from 7^ to ICJ yean; 
the apparent ll-year cycle, however^ ia rsnlly a baU-cyele, for the ^pot-polarity changea after every minLdatim. 

The riae to maximum is usually more rapid than the fall, taking aboot 4i yeara ; minimum Epoitednosa La. reached 
about ^ yoara lattr^ when no spot may bo viaiblc for weeks- I^rge spots uiaj appear at any port of the cyc]-& 

SfK>arerfl Lawatate^ that the two apot-zonea simultaneoualy movoalowly from high N. and S. latitudes toward a 
the equator. l!^earing mmimum—the end of each half^cyele—the irpet-aonea orfe near the equator ^ the new half- 
cycle begins when spota of oppcalt* polarity break out in high latitudes, some time before tbe actual raimmum U 
reached, and two or tbree yoars olapM l^efore old-EOne apota finally disappear. The new spobEones gradually deerBoA* 
in latitude, till, at tho end oE rf&von yejtrs, tbfjy,in thBirtum, arrive near the equator; bigh-latitode spate of oppogite 
polarity then appear, herald Log tho beginning of tho second liaJf of the -cycle. 

Tbe variation of latitudo is shown in a fftriking manner by plotting the epots of a cycle according to date and 
Latitude, From its shape, this Is known or b BuiterJ^ Bu^rfinK 

8|lCll act oa tlw watre UA, of MUTW, wLrti n-ew tliB ILjalll- 
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Sunspots and Magnfltlc Storms.oarvegot sunapot activity, of twrestrial magTwtic eUmfla, and (on 
tho whalo) lil aurnrsi, cJcijely t; 4 ]incide, inciicAting wma intinjace conntctitMO not yot Tfliolly explainod. A lergo spot 
near tho eoctfli of tho dbc ofton ooinc.ide» with a magnetio storm, but not always, and on tho other hand tho return 
of a certoin arta to tha centre of ite diao sometimes wusoa a magnetic swrm, though no apot is visiblih 

Wolfs Sunspot Numbers give the rdativa -aanapot aotiirity’ for any year, baaed on the number both of 
group* and of individual apata—tho size of telescope used, and tho observeT, boiug taken into acoonnt The number* vo^ 
from 0 to aboDt lOO At tho bighaat iiMniroum, and they have been caloulatod boek to 1510 (Seo Memoirs R.A.S,, vol.iS). 
A sunspot aumbei' of 100 is equivalent to a aunspot area of about IfaOOth of the visible disc. 


ProrainaneeSorjJroiaWBiaffMare jetsoreioudi of glowing rod gaa which rise all round the Sun's 'limb' or edge 
from the a bright Bcarlel, irregular ring of light, some B" to 15" in depth at different tjmos, seon only 

during total Klipsflfl, or fay meaae of a speattoscope attached to tha telescope tseGp.40), The «fer*t«sr Uiytr 
a thin Btratum of gas which is responsible for the dark lines in tha solar apoccmm, absorbing oortain portions of the 
bright light from tha layers bsnsath, and reversing them into dark lines. In solar eclipses, just before the iian dU- 
appears, it shows the lines bright instead of dark—a phenomenon known u theyf^A ^ecfrMtn, 

FUamintt iopg dark pTominencei s&en in projewtipu on the Suq'i disc. J/tdi-wn/orw ana apparent filamtata 
over A aun-apot, but in reality only distortiooi of the hydrogen (C) line caused by high radial motion. 

riftOOuU. soon or photographed by tlie ipocti^heliograph, in one particular wave-length of light (muaIIj that 
of calcium, sometimes hydrogen), are small irrugalAr clouds of either of these elemeeta, which are seen all over the 
diec, and show the distribution of the element over it Thera ere both bright and dart floceuli: the latter may take 
the form of long dark wisps. The or ^hottnpheriqu<^ is an as yet uumplalusd blumng or 

fusainees of the solar granulation; it is not known whether it is of solar or terrestial origin. (‘Reseau ' also means 
the network of squarea ruled on celestial photographs for measaring purpOMs). 

The Corona, also seen only during total Bolipaas, ia a mystorions. irregnlar, pearly ring of light surrounding the 
Sun. It ia never quite the same, either in shape or extent, to snccMslve wlipsea, and appears to be partly gaseoiuK and 
partly matoorio, for It shines partly by rellectod sunligliL It varies with the 11-year period of the Sun's activity, 
being more or leas rogularlv diatributed round the Son at sun-spot maiimun.. wUln at sun-spot minimnni there at* 
large streamers, several degree* long, near tho Sun’s equator, with tufts or plumes of light near his poles. Its bnght- 
nes* varies, being at times ntwomfortibly bright, nearest the Snn, without a dart glass, ospucially when the Sun’s and 
Moon's diameters are nearly the same, but on the average aeems tathor less bright than the Full Moon. Tho Corona 
spectrum has a oharactoriatio green lino (X5304) due to oxygen, once ascribed to an nnknown element ■ wronidm’, 

Baily’s BBftflS are sometiraes soon for an iustant before totality^ breaking-up of the thin diaappeaneg crescent 
of the aun into a series of bright tnoviog points, like a string of shining beads v Thea, as totality begins, the prom- 
toencesand ccronaappear until the Sun beginc to emerge again; senastimea. however, they appear just before totality, 
5JWoto BnniU QT/ri-Ag«i, ano ther Mlipsa phenomeBon, are altornste light and dark Unde, a few inches broad and 
1 to 3 feet apart, that appear on white eurfacet for su instant as totality begin*i probably doe to irtegulnr refractioiL 
Tha Sun's Hagnetle Poles a™ about 6’ away (but perhap this varies) Iram his rotation poles; they rotato 
in 31-29 day* (31 d, 7b,), and were on the aun’s oentrei inoridian on 25th Jnno 19U. 


Tha Sun’s Temperatura, that of a dwarf go star, is about 6000* K, (10,000* F.) near tha surface. Tho S^at 
Coiivr-iut. the amount of heat received by the Fjkrth (on entering tbs atmosphere) from the vertical San, is 1 93 gram- 
calories per mianto on each square centimatre; variAtions of one to five per cent seem to occur from day to day. The 
tomperatnre of sunspots is about 4BOO-K.—1OOO* O. (1800* F.l lew than that of the general snifaee. 

Solar Motion.—The Solar Apeas, cr Apex of the Svn'e TTey, i* the point on the star sphere towards which the 
Bun is tr&vslliiig with a velocity believed to be about 19'5 kiloiuelrea (12-1 miles) per second. The position cf tho 
Apex Uasoertamed from study of proper motioiu, or radial velocities, but determination a differ, often by many degrees, 
difiereht sets of stars giving varying results. In the main, however, there is agreemeut as to the general dirortion of 
the Apex being in Hercules or Lyra, about R A, IF hra, Pec, 34* N. (or, as usually stated to degrees, R.A.. 270*. 
Dec, 34’N,), The Solar Antspex is the point diametrically oppoaito on the star sphere, B-A, fihra, Dec. 34 S. 

Mean Dally Spotted Area of tho Sun iu milUoTHheof the visible henakphere (projectad an», rorrertad for foreshortMiingk 
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THE MOON 

G^nerSil Mmq ti tha most interMting of all tli-e heavenly bodiei for a amall tete^copc, In aci operfr 

glisa thfl dark portion! Fiaiblt to the naktd ejs are twn to be th# !Tnoother portiona of tha Slocn'a surface ; the re- 
maiodcr of tbfl surface is a cQiUi of cr^tera of every front some of wlii-cb hriitluit white atreaka radiate for a great 
disUnca Tiie moat striking viewB are obtAinablB when it ia about its 5rsi or kit quarter^ when the lunar 
moqntaine D&ar the (or boimdary the bright aud dark portions), cii4t long dark abadotri which 

give a fine tWatt of contraat vitb tlie bright itm-lil parba. At the time of full Moon tbie coutra^t ia lo^t, though the 
trstcEds of rayw or blight streiit# are then most in evideooe, and tm fnteraiAtiTig Gsld of studj ia the totfi-L or oearlj 
total, dtaappeBr&nce of praminont objeet* {f,^.pMagiiius) for 3 or 3 before and after ‘Full/ while otbena fnot&hiv 
tbe crAtcn, properl]^ so oailod, see p. 30) can still b? located by rEsaon of thair being brighter than their Hurroiindijags. 
Thit diftappearance ia rory natsesahU in fcirmatinrs traversEd hj th* raj* or tlreitka, w in the 3. W, porticn of the 
Mooil a low powor ehould be ttaed ml first, for a general vieir of the disc. (See note on 'Observing the Moon/ p. 4L-'J, 

The Moon always preeanta the same aide to the Earthy so that one aide of the Moon is never asen at all. Owing^ 
however^ to what ia termed the Moon's ^tfrrafwn^ or apparent awajing, due to the inclination q! its aiis to it* orbiit 
and to other caiiaes,, we iometimea see a little more on one side or another, so that attog&cher about six-tenths of the 
aurfate ia vlaible at one time or another. A full di^cription of the Moon la quite beyond the scope of theprcaout work, 
and the originiil wurka dcfscHbiu.g the reatiirta on the Moon^'-s B^arfote, such oa Kaemvth'ss Nd^oo^ noodacre^e and Pi™tor's 
ifoan^ are now Diit of print, Clirreot works are A'offjwf Zunar {JttlEler and Blagg) tUld Wilkins juilE Haore’s 

ike Jfofmr 

Lunar the darker and smoother poriiDiiB or tho surtEoe, were supposed bj the early telesoopiits to be 

KOI—which they oincb resemble under very low power^^and were named accordingly. More perfect Ltutrumenta^ 
however, revealed that the suppo^ seas weru simply vaat plains, by no means level, or smooth, poseibly once the 
bottom of lunar Dcenoi. 

Lunar and peaks are much higher in proportion to the moon'a diameter than terrestrial ranges 

are to the eaith'a diameter, same oi them atuiitiiag a height of about five miles. Tbe most conspkupiuL range ls 
Th€ Apf nmfiiit in the nortbem hemisphere of the moon, which risM like a wall frojn. the Afara Imbriwn. It ia Jtbout 
fiO<l miLea long, and iti highest peaks attain a height ol 3^ milsa —the bulghte being found by muasiirumejite of their 
long abarp ih^owa^ n^rly 10^ miles long. 

Lunar praterv, which arceuch a prominont feature in liLcar landscapes, are of all skss froin a hnndi^d and fifty 
mllea. in diameter downwards Craters often have one or more conical peaks within tbe crater wulli, of which 
TycAo and tfwsTudi atw fin# oxaJnples; the largest with a fairly level bottom, and often no central peilt, and with 
kwoF baunding walls than the craters proper, n-re called of which Fiate is tbe best example. The 

Intoriora of the craters am usually lower than the surface outside^ but ^ometimci the reverea ia the case. Froquently 
an old crater will be suen that has been broken into by a later one. 

Loner rUh ara doep^ winding, narrow valley®, tcss^Enbling tha bod of a dried, np HtrEam, Lunar cl-fjU appesj like 
cracks on the jfmcrathsr portions of tbe flurfs^ja It is difficult to r^nliso that thcau hairlike marking^ are wmetimfes 
fifty or a hundred miles long and up to SJ uailos in widtk The greater number of clefts are to be seen only in pretty 
powerful tolsscopcs. are closed cracks in the modd'b surfaee, and are numeroua They are visible owing to 

the Burfbc# ou one side of them being higher than that on the other. 

Lunar myi are tbe bright streaky which radiate from some of the principal craters. Unlike other lunar features, 
they are best seen about the time of fuU moon. The finest By®tem of rayB radiates from the great cmtor TycAc, In 
the southern lunar hemisphjflrflL The strangest feature of these rays U that they are everywhere on the same level at 
the rest of the surface, and travecae unbroken both crater walls, valieya, aoid seas. Ho fully Katisfactory explanation 
of their natnru haa yet been given. 

Position Angld of thO Moon^s A.xin> —This sways wme 25" on each side of the Lour-eii-ck every mouth, the ei- 
tremes bping wiieiL her R.A- ia about 0 hrs. and 13 hra, when crowing the oeleitial equator: it Ia about wro when 
her H.A. is € hrs> and LB hrs. The amount is given in the * Atoon-'s Physical Ephemeri® ' in the A/irww. 

Ot(J0Ct5 ZlOA^f tll6 Limb. ThoM near the H. lunar pole are beot aituated for uhiorvatloc when the Moon Ihaa 
it® greateal South latitude (about S*), and viftfl rtfrff4S for the 3. pole; thooe near the west limb^ wbon the Mood^b actual 
lougitndeia K of (va., ffreaisr than), and those near tbe eaac limb when it Is W. of (Le., Jew than) the mean longitude. 
The when any object near the limb wii] beuearaat the centre, and thus moat favouinbly sitLiatJcd for abservatioa, 
can be ascertained from th* Nauli^al Almanac, by finding the times when tbe favourable libration in latitud^^p- 2S) 
h about 6', and that in longitude about 7'; the Moon, however, may be below the horiswn, or the phase iLiiauitabEe, 
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of Llbr^Ltioii- At reoomng plu*M^ tha poaitiana mud lengthi ol tlae ahulo-w# ttiem^altei hAve 

not oh&DgbLt gireatJy (laoAr "aeaisonaii^ cLETig*a liising amallp owing to the ainail LUcllnatioia of tha Ian at equator to the 
Koliptlci I J'')t the Mooa^* latitude Hud longitude^ "Scc^t have alt&red. XiibratioD has oome into pla;^, mtid we Tiew the object 
and Iti Ahidow from a different positioii tha.'a formetiyi tlie vaTiation tmotinting it« wiejEiimuKL to o¥er 20", throiagh 
the combiDcd effect of the diaplaoement in Utltade and loagitudi?!. Eicept at rare ineetvaiai therefora, we do not re- 
obaerTe object* under anything like the ume» conditioiia. When Tiewing the Mooiij it ahoiiEd also he remembered that 
it IB only near the centre of the disc that we lee objects in cheiT true form and dimea-siDiiap ab each abject ia mora and 
moEo foresbortcoed the further it ii away from the couti^ep and^ on the limb, ii loan only in ptobfce. 

The librftt'ion on any evening can be foiind from the J^nianitc in the rHooD*^! Physical Eplieiuerii/ 

coSumna Earth's ‘ Selenographlc L&L and Long/ When the libration in longitddo is + , the mean centre ol the disc id 
iliaplaoecl to the ttf.j the Mare Crisium ia farthest from the Simbr When the libration ia the mean centre ii 

tiiaplftcsed to the W., and the ^aro Criaiitm approaches the timhr Similarly, when tha libration in latitude is tha 
mean centre ih displaced to the S,, i.s.p Plalo ia furthtfat from the limb, and irwa wrjHp for 

B€St Altitude Conditions.—For any gireD aga of the MoQn^ tshaf^e ij a certain date iti the jMir about which 
more favourable aLbitiide conditioiii obtain than, at any other time, though it is mudifiiid to soma extent by the Moons 
changes in latitude. This in duB to the fact that thts Moon's average path coincides with the Ecliptic^ co that on 
(Liiy given day, her altitude above aa obserrers horijcoTi at eiilminatioii, wilt, on the average^ be exactly the as that 
of ihe Son at noon on the date when he haa aimilar K.A. The following Table indicate? approximately the mOBt 
favourable dales for observing the priiacipal pbaiesi (S. HemiBpherfr, transpose April, Oct.: and Jtilyp Jan.)'— 

2IS.26 dsya 
End of July 

J anuary 

The Posltton Clf the Terminator on the Moon's equator, ooTTcnpotiding to Tariona sgeet can be approximately 
Mcertaioed by means of the scale below the Map of the Moon on p, 31- It can ha obtained more exaetly from the 
^Moon'a Physteal EphemeriB^' ^ Sun'i eo-longitude' column, in tha ji^nanoe (in conjunction with a Inner 

chart having ie:lenograpbic laiitudo and loDgitud-e lineab by usiiig the folloWLiig rule:—- 

O' to eO\ the flgnrea in the Table give ... the t^rminator'fl langnudo E.of the central mendmn [Suo rislag), 

EB" to l&0i''r “^htmot the Sun"*! co-feongiL from IBfl-": anawnr —■ „ pi n pp u -Wttiiig}. 

to 370"^ HnbtMet Ir^ip the Sun's co-lccigit, it ™ h n t 4 E" h » pp (SuJi setting). 

£70* to 360', subtract the Sim'l co-longit from 3e0\ ,i — rt n n n p' << riaing). 


K. HomLiphiarei:— 

Mood 3-4 daya old. 

First Quarter. 

Full 

[^t Quarter. 

Most 

End of April 

Vernal Equinox 

Winter Solatico 

Autumnal Equinox 

Lecui ,, 

October 

Autumnal 

i^umruer „ 

Yeroal „ 


Rdpstitlon of Sa.ni6 Phsiso of iHnaiinationj near the same hour, may be expected in about 2 and Ifi lunatioDi, on 
the average^ but there are TariationB— correiponding with the lengths of different lunarinnH, which vary to and fro 
between 29 i and 29} dsye. The mean lunation is just over 29 J day Bp henoe, on tha average, in tbo second Nnation 
similar phase falls in daylight ^ in the third, it is IJ hours later in the evening than the finit, and soon, 1 roean 
lunatioji 44“ j 2 Iiinationa, 59^ ; nnd IS lunations, 442^ 23^ The mean interval from perigee to perigee, 

or mean annmaliatm period h 27-^5455 days, and doaa not recur at the same phase tiU after 14 lunations (about MS y™,), 
or about H months lawr in the following years bo Lh&t 'most favoumble^ efmditions gradually disappear for a period. 

LullAr Lunar objects are generally referred to the ^uo-dranl, or quarter of the disc, in which 

they are found, unnibered I to IV, as on the map. The principal formationi have names of their nwn ; other objects in 
the neigbboarbood (alsothaseiniitfs or on a crater), not separately named, are denoted by the nearest-crat«r name with 
a J?™ 3 Ti letter added, for craters or depressions, oraG-n^k letter, for peaks or elevations—capitals denoting 'measured' 
points. Thus ^Ariatoteles B' ia quite different from 'Amtotelcs,' being a small crater some 5Q miles N. of the latter. 
Umak lettera are also used for rilla, in conjunction with the crater namea 

Earthshinep popalariy known as "the Old Motm in th* New Moan's armi,' ii due to raya of light rpEested from 
the Earth OD tho Moon's dark disc. It is stronger in the mornitig with Old Moon than in the eVEtiing with New Moon, 
and its variations are worth syatflinat-io study, m an indai to the reflective power of the Earth's disc, which is lit up 
by tha Son. A* the albedo of clouds is Tory high fp. vili), unosnal brightneis of Earthsliicn probahly indicates that th« 
snn-tlliiminaCed lisintspbere of the Earth is much cloudier than usual, and mce ixria when Earthibice is faint, Earthaliin* 
is best MEja 3 to 5 days after Now ^foon in the spring, or b^forp New Mi^on in the automn, ^peeially if the Moon ii n&iu 
perigee at the time, its brightneas theti being greatosL, Earthfthino is also known jw ' &mdrS," or 

A very narrow ring of lilver^white light, qqite distinct from Earthshi-n^, ard *neir-dling the whole lunar diw, ts 
OonaaioQally visible for short ptriodi when tbs Mo&n b within 2 or 3 days of Now, 
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Lunar Craters are classifi.ed bj Nsjflort faD^wq, but tbs clwe^ gm^naElj into one &n-Dtbp.r„ and nEAr tbe bordpr 

Ema ALthcT namo may ba 

WaJled Plftios (v m ItiJe?), diaiq, 404 i!H> milfa km.Js like t/*ujdly jstirriiucded by a complfti ayatem of 

h/foUe ; door usiiAlty D«t muob lower thau outside^ aad oomj^t-ativoE/ IoycI ; centra] moimtaiQ ofbo:u abEOdi Mcwt]y 
in B. homiaphcjre. 

Rin^ blniuitiuai (mr in IndcE)^ diatn^ I tnilea (^4-113 km^), lika R5iQEr- WaJlo low nikd broken^ probably riiinciJ 
walled plalna 

Rinj Plaiag fr in iDdAf), diitn. SO-SO miles(3i-97 km.)* tike : comprisa the of the larger lunar aratens. 

More cirmilatand ingnlar than walled plaiDB- HsnglepriBcipftJ wftU, generally; outeralope waallj interior ateep and uauaLiy 
terrae&L Floor nEarly alwaya mncb lower than, ontfllde^ ftod compajfwtiv^ty ievfiL Tbtt dcepcat, liioar fortoatLen i-i 
A'BErfoj^ riniS3*0QO feet (dOOO metrei] aboTO tbe floor. In WtLrpsniin^ the floor ia praoticaliy leTcl with the top of the wall. 

Crater PlainBp dtam. 10^^ mllcfl {Ifl-3S krri. V Brighter, and with gentler outaid^ d-opea^ than i?rater9 propeTi- 

CraCfT:? proper (fi io Indat)^ dianL b-ls mlEea (8-S4 Iqn.), like Cirsmlar i outer alope -steeper, bat the Interior fall* 

more gradnaliy than in crater plaina Floor smalls with ^ poicanio' oone ; very bright near PttH 

Cratisrtcta, diaziL A miles {QIoil} downwikrd. Cratera in Kulnjaturi^: mcraly a coqTenieot anb-diyiaion* mdi-oating very 
ambll cratoia. 

Crater Pita, or duiDi. u craterlet^ but up to 11 miles (IB km.). YEjy shallow depreentonB,. onteide slope hardly 

perocpiiihl& IhpreMMi&Ti* diETBr i^m crater pits in having no sign of watla whatever, and may her Diany milea or 
kilometera across. 


Crater Coces, Steep oonical paakiq, diameter §-3 milee (1-& km.), with OftFTOW central open Log, which ia veiy difificult 
to see. They appear on mountain ridgea^ and on crater walla jmd floora^ and are vary bright near FulU For falLer 
deteilE, see the reraronca boolu, giTen on page £3. 

Lunar 'Ssas/ Valleys, fitc- The Sious InLiurn, with graat borderiDg clifla, rising in peaks ovar 1fl,000 feet high, te one 
ef tha floest objaote Oo the Moon ; it is bast aeon when the Mjogn ia ^ or 11 days old. 

Of the pa^fayj, the Qraat Alpine Valley ia the nipat notable. Moftt dtft* or and /ouflj, ate not viaihie in jrmall 
ingftnamente, but the Cleft of ITygimis, and that of Ariadeeui just "SV. of cad be Mac io & two-inch teleacope. The “* Straight 
W41L,' 60 milea long and I9(X> feet high^ ia a little E. of Thebiti Pico te a solitary peak on the Mare Imbribim^ 


The Bpifflitiiesa of dLflersnt porta of tho Moon ia on Interesting Ptudy; it i* valued in 'degrflffl3j" ratigihg frorn I*, the 
darkast—found in GrimAldl and Riccioli—up te 10^, found in AriatsFchns, the brightest object in the Moon; ProclLmUSL 
0’ ia black shadow. The floor of Plato utiderguoa curiou* changes in brEgbtQe!?i. aa tba Sun's altitude inoroosea 

The Vary mg ooloura o-f the Bc&a tnJty also be fttudlod. The preVAiling tlot of the Mark ia grsy^ more iqt leas dark, Mnre 
Criainm being tho dittkcat with a tmga of groen. The brightaat of the grey plains is L*cns BomniOnirn ; 

Piil-qs SotnuLi, squally bright, is af a yellow-btown abode. Ths M^tis Berenitetio, the oentre of Mare Hnmofuta, and part of 
the Bioua Iridunlr hitvo m dark groonish colour, and ths Mare QrkiEim a lighter green ; the Mare Fngork ia a yeUawiab>-gT«eii. 

Centres &f Prlneipal Ray Systems- Ariatarchne, AristilEuA, Eyrgiua A^ Coptmicu#, Euler, EapTcr, Mmaief, PtucJub^ 
Tlmoohftrifl, and Tycho. Euclixka and Landaberg A ore enrroimded by a ^nimhni,^ m bright pitch. 

Thn Mean Centre of the Moon, or mter&ectton of lanAr- meridLAb Q* with tbs lumsr eqojktor, con always be readUy found, 
oq it Is approximately the point eqtiidiatani fbom tho three craters., Herachel^ Sobr^ter, and Tricenecker. Tha JuniLr equator 
ia very nrerly thu titie drawn tEmoogli Eh^aus and Landaborg ; lunar longitude O’', 4 lins ilrawn through the centra of Waiter 
And the E. aide of AriitilluiL But see note at fcKjt of Map of the iloon m to airved Unea. 

Index, Map of the Mooq- Th& diamttere, given la miles, are approzimats, as aatharitiBa Bometimes difler* owing to 
irregular ahap^ The letteiTB Be, Bb^ 4c.i Indioite the square Id which the ohjent wili be found, r, if, ate., see above. 
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THE PLANETS- 

Tha Nautical AI Rian KC'IN. A.), juirf The AmeHcaa Eph^mertS^A-E.}, givu muiili UHaful plunetary oImbi-vuhj InfomiivtiQn. 
UnJfcr ‘PliRnomona^ ara tbc datea of opimaifcL&r^ oouJyinjEioii iti tt.A. witL th& Bun snui ^r£jon, alougatiotufi Sr^rcui^ aud Venus, 
&£,; there- tire OcouStatioii Tables, with Ijvtltudo-Umita of Qbacrrahilitj'^ aud thoaw ist»t!]i i\i LtrUifl Fj-te-riona : Bunrlpe^ Sunect^ 

Mwnriiet Mt>Diu 5 oLt lilid Twilight Tahliza, for ktlludea O' tip GO\ The "Phijpical: ElihcnaeHa' Table^^ fiivE tbe pLiffltioiJ arjgJc 
of the aaiip pSflnetjiry meridial] on tho contfe of the diEtL-j tuiignLltid'C*., txiuCj;titTlt 30 U and etlijwes of the e 4 tfr]iit.OK, ; eiJbO:— 

Mara and Jupiter. The an^ilEir atuount of (alwaya on tho W, tide irom conju&ctfcou to opiJOaitioiii JUld on E, side froEU 

{jpIKsgitinu uotEl cxjujuiiOtlon) in glTen by -colutim q \ tbo llllOdLf -(rrJWtloci of tlio disc ilEuEiimated^ bj coluinti ^■- 
CnluQUl D 0 gives the number urd^^g^eaa th^ i 4 anet'a pule ( + ], or S. polo [ - J, iai luruftl towards iLc Earth : maiimnin 
ftliKiut SSi-'’ for iltfuia s 4 ^* for Jupitar^ ^ for iiSatiiru ; but lflnr:gfCiiy nulliflr^d hy fonH&hortoniijfg. O' = both polos on limb. 
Jupiter's Sat^lites. -CbEdiijUfTttitHl; O stdeindicatEja ^In tratiaif ; 0 * lu LK.'t;uLtatiou xiH tn'Upae.^ TiiiiFhJise dii^frunusfebow 
the iK?.‘titiou of oaeh iatellite during the month by a * {ihJniijpti aiight, oioopt near opiKJBfitiott)^ of the points whei'e the 
flatdUtaa diB&JiJWOT in, or emergo from the itl(wft>wt ^ c (or d) ii^ the l.>oiiit of disappaarauco ; f(vt r), tlmt of rci&pr*aracici». 
Saturn^s RingAL Cnlumu /J (Baturnicciitric liititudoof tho Earth) gn'Ca the juigular mpenn-Ets’ of iho ringa^ 0 " when inii'isibk, 
jklKmt 58 " fully open. Column B' iA the Sun''^^ elevation abore the ring-plancjj the- riuga are inviiiihSe. when B or 
a[]d uLbo when (Enjch) i* + (Nortli)v and (Sunjia — [South)^ nr vm vernu, Pogibbo imgle of Jtaia ia sam-e as column P, 
Hoar of R,A. on the ineridbu at mDon iniilLiight (Sidereal Time\ for caoh day; froui. thin, that at olJiftr hoorij can be foimd. 
Rising or Setting^ o-F Planets. Fropi the time of muridian jAttssayc, eubtnict (or add} the jstMui^ijiimal arc (me |j. sit), 
AatroQDCEucal Tertna \ The Calendar. The student Bbould imcj the Tsry intaPL'etiljg article on these HUbjects in the Apl^iC-lldii: 

to tho BtiLiflb which also Contain*, for tho cJi^anced, ail elaborate pre&i§ of fommltB ustal in tbe Almaufto. 

HchociertErie. longitud&ii aikd latitudea, and radius vectors^ giving orbitiil iMiaitioikH and dif 5 taincEJii with reference to the Bun, are 
givBu annually in the A ju^ncan Ejdu'.fiierii. The British J. publisli-w tlLen i for twenty yctu* in ad^ancOj 1 & 17-40 in di.Ai. 
1915-17 {UsjvuTj aiitkually, till 1 lfi 4 MS 0 j also lLMMh 3 tJ 4 a^ in si^suiid vuLa, Eurth^a heliocsn trio longitude, beg p. 4 . 
G^nerAl Nol^S.—Tlio M^jor Flamts^ so called to distinguish t-hem from tlio is^tfroiCtfH or J/mor F^nneii^ none 
of whieh exceeda a few hundred mileg in diameter, are Afereurj, Venusp Earthy Slnre, Jupiter^ SEttumr 
Neptune, Pluto. Tlie brat four, and Pluto^ are liometimeai di&tinguiBhed as the STn-rcsIrtu^ as their Kiie* are 

eoinpftrablo with that of the Earth, the ofchera ne the They ar* always near the Ecliptic e 7 :cept Pluto, 

within the i^Sudiac (p. 3 }, no^tl ure readily diitmgui&bed fi'om fixed atjura, as they do not twinkle uiik*a low down ; their 
tpect-ra are tjiosci of rebected aunSight, with bands due to methane in all the giant pianet.^j and atnmoiQia in Jupiter 
and Saturn (pri^o). Their oongtantiy-changing poattlons are uaiiily found by the It. A. and BccliBation given in almeniieH. 

Unlike tbe MooUi which souths Evbout 3 d to mirulDa(incuTJ, '“iOi) Later eAcli day, the Sn-p^fior / 7 fl:fie/j (JlarH, the 
Aatflroldfi, JupiteTj and thofle beyond) eouth earlier, on the average, each nigikt, appearing to mov^ nearer (.be Sun daisy 
whftn E. of him, but further away when W. of him^ and being lost in hia rays for nome kii week.g annually—JlarB, 
iLiiJ the asteroidii in general, lor monliuL, hlsiiiually, baving long synDdic periods (eae bnlaw). 

The Superior planets are bcs^taii&n wlion in oppositEon^ aoutliitig about midnight; tbo Iji/erwr /V(EntL^ (ATercuiy, 
Venua), about the timei of greatMt elongatma. OppoeitioLi er^^rcatest Ldoii^ution Tony occur at nny lime oi the jiDr.^ 
hut tbe nearer they happen to one date in a certain mouth (Superior planeta, th&t on whicli the Earth-'B hdioceiitric 
longitude is about. I.hufcaine a^ that of tho planet^B perihelitm) tlic larger nnd lirifjhur it theplant-'t : n'fltiy yfan^, hew- 
tver, elapae bofore tht most favEJurable conditions recur. For Magnitude varfati'yn, ifco pp. L 7 and 4 L 

The SolAr System (see alao p. viii).—Tho Hgiirea below ?ire mcwtly (or, tatoed on) those of the Jmen'rvfl to which 

refer (or to l.h'« j-early B^sA. IltindM.'.) fer greater prcciEioia. The hkTgcr of two dsflmetfird la tbe equatorial the ffEOall^T the polftT. 

Sun.* llirimctcf, Ws&, 3^70 miJefl, h 3 |j 2 , 7 (X)l(Tn.j Mchhi^ ^ll 5 -?iTii]eH, km. Denrilj: ■:'water=l) Sun, 1-41 ; Maou, 3 ' 34 , 
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TRS PLAHETS. « 

The Paths of the Planets on the S tar Sphere. A* Htiiii rmm the Sus, ih«e (their helieveintrie pethsj mbj for wdinsfr 
tmrvo^ uflchiminQii, and sach inUrMcte that ef the Enrth {the snme as the Elliptic) at two praeljcanj fired pomte, the nodes, 
Thoholiowotric imlhe are ftlaO apppoiimttolj tho Average piith* oi tbu Superior pliiuffta, U Ken from the Earth (««lielow). 

Planets etUin their greaceat heliocentric latitude When About W loogit from the iiodeft, and remain lenpist (lengthfiQB AS the 
eoceutrieitvl oh that sida of the Ecliptic in which aphehem lies than in the other, pertlj hocauM the node-aphcliou-node diatanco 
is greater f^^lightly, urleea etxieiilfldty ifl greatj, parti? beesuK the mean motion IS alower* If _tht node-pc^ehhn Ugia (*-} la 
rtreotarthan about ISO', aphelion is in theN.DeloatittJ hfiTOiflphoro [ilwa, Jupiter,Saturn,h’eptune); if icii^ in the Soulhem(Morttirr, 
Venus, Uranus piuto): in the fonnatj the altitude at faTOUrahlaopiKisitKinaiA heat for EsOUtll«I^ in the latter for henhem obaarveis. 

As seen from the Earth, the Sujwi-KJr pUmati ruauh a latitude ahOTe or below the EclipUc At leart equal to the inclipaEon cl 
theif orbits, and each followii the hatioouii trio path mom and more nearly the leaa its raml]ai-i.d,, the remoter the planet is from 
the Sun- thua their KerKentrio paths are confined to a »ety narrow elrip on the star ephoro—H*« eacepted (see behjw;^ _ ^ 

aW which circle the etar sphere with the Son, have the Ecliptic for their average path (approi-ji ami attain S 

and »’ raartctively, from it if mai, hcUoceotric latitude oocuia with Esjtb about heUooent, longit. 31fl' (Jfsrt), ICS*, 3<tG'( IrtUM-J. 

The E^b's eTBTchaiigiii* posititiin in her orbit, maj, as seen Irom her ceutiu, displace the Supenor plancta ftom their h Jiu* 
centric poaitiiHia (a) E, or W. by an amount about equal to the Earth's imniwd parallai {p. I-l)u seen (rom the planet j (t}>- 
or B hyTsmall amount-giBBlcat nbout perihoUen oppeoition, amallEst about conjmmtiou-etcept for iwar-bj Mats, which at 
opposition may lie Bome 3* bO 4* K. or S. of tilB heliocentric path; Jupiter's maiimuin U about i', And as the Ewth'i mean daily 
crbiml motion of T dcesda those of Mai* and the aBteroida by J‘ W mOn^ and thoae of tho Other Saparior planeta by -wdl-nigll 1', 
{see Table, p 3Sh whan Earth and planet am on the same sido of the Sun and in the KIDO line, at oppOditioo, the Earth OUtrioa the 
nlanrt, cauaing it apparently to rotrograde on the star sphere—beforo and after oppoaition, al», for some time, llie wmbined 
motioca pf ibe Earth and a planet make the Isttei'a path on the etar sphere, as aeeu from the Earth, a looped m tigHAg ciUTe. 

Mercury is always BO close to tho Sun that, eren when most fsTonrably situated, ho ia only observable lor about 
two hours {naked eye, J hr,) after sunset or bsEoro aunriae, and that at a vary low altitude, Mpeoially in Mgbe? 
latitudes. His very eccentric orbit causes his greatest elongatian (G.E.) from the Sun to vary from IS* to '36 the 
latter CUB being at aphelion, when beUS. of the Colestiiil Equator, and beat seen by Southern otwervers. In temperate 
latitudea he ia moat favourably plaeed near the Equinoiea, as an evening at^ in spring, eome days heinre (J.E.—one 
in. ^pril being beet, or as a rooming star in autumn, soma days after 0,E. (m the S. hemupber^ Oet. and April). 

hlMcury has phaaea like the Moon, and is mag, - 18 when in perihelion near superior ooojooctloii (but vory near 
the Sun); at G.E., the average ia only +0-S. Sidereal period fiS daya; eynodie, about H6 dya, (Rotation, aas below). 

VeQU3i the brightest of the planeta, aometimes seen in bitjad daylight, may even casta eharlow; her faint mark, 
inca (very permanBut featurca) are difficult to observe owing to lack of contras^ bat her pbasea can be 

studied in a small lelBacopo or good opera glaw; oaamine in daylight—which diroiniBhea the glare—-or loon after 
suaHt or before sunrise. Her greatest brilliancy is during the crescent stage—as an evening etar about a month 
after, or M a morning star is/ors. greatest elongation, which at mamirnum ie i7\ (G.E. never oconrs at noareat to Earth). 

The inaiimum magnitude(- 4 4 )oc(!ute about every 8 years, when Venna is in perihelion near the end of Dceomber, 
and a of the Celettial equator as a rooming star, therefore more favourably situated (or SontLorn observers ; she is 
then twelve times brighter than Sirius; aho is slightly fainter when in perihelion about the middle of March as an 
eveuios ^^ar, when Northern observers bub her much highur above the horiion. Her apparent motion is so slow—the 
synodic period being about a year and seven montba (B84 days)—that she remaina visible or invisible lor asvcral 
months, ^lilte Mercury, which rapidly dlsappeara in the ESua's rayt Sidereal period, 224-7 days; rolation, sec below. 
A f«ut lamincaiiy, Uka Karthihlae on the Mom, oow-iulwally reportad a> vUibl* m Lh> dark *W=. Ja bow attrlbuled to ocular eanioa. 
Recurrsuoe of Sreatest Elongation .—For Mernuy, the most favourable elongation oocoih ahcnit every eia year*; for 
Venue about avory 8 voaia. Tha intervals betwoou greatest E, and W. cloDgatiou are very unequal 

Orsatest E. to "greataat tV. elougatiou, inferior conjunction between L—Mercuiy about 44 day* j Vcuua 144 days. 

IV. rt E, „ superior „ H Tr_ 11 7S « „ 4*0 „ 

Mai^ is of little interest in a email telescope except in or near opposition—when his angulsi- diameter ia 13" to 
25"- thia occurs every 780 days on the avcrago—nearly two years and two months, the longest (major) planetary synodic 
period ; tha sidereal period is 68? days. Favourable oppositions come every 15 or 17 years, the beat about Aug. 2Stb 
(from 1934, very favourahlo), when Mars exceeda J upiter ia brightaoss, attaining mag. * 2-8, but u his disc is even 
then only half the dismeter, little detail is seen in small telescopes. The mean and mibimiiin opposition magnitudes 
vary between - 2 25 and - 10, while in conjunction with the Son he is only 2nd magnitude. Except near opposition, 
Mara is more or loss ' gibbousnot fully, bat more than half-illumined— greatest when ho is in quadrature (UO' 
lougiteda, or 6 hta. R.A. from tbc Sun) I only 0-S4 of the disc is then illumined. Mars has two tiny eatellitea. 

On Mars’ ruddv disc, dark greyish-green markings.—once thought to b« seas, but aow supposed to be manhes or 
vegetation areas— can bo seen, and one or other o£ the bright, white polar spots (probably ii]Dw.caps, perhaps partly 
hoar Irost) ie a Itrifcing feature; occftsionally both caps are visible. The finer BO-calied 'canals^—an unfortunate trans- 
latiou of Schiapnrolli'i canofi, tehMmelB,'notn«feesBri]y artlficial-areinviaible msroall tele^pca.and thoughsoircaeem 
to result irom r^l markings, the tendency ia to regard thijm as partly due to ocular caeaeB. Rotation period, 24h. Jiim, 

Rotation Periods of Merogry anil Venus.—rotittfoa period b bobcvHicl to base daya, the same aatiBsiderEiaL 
one, sc that ha always kaapa the ume face te the Sun, That of 1 baa now been determined by mcaua of radio obKIwationa 
te ba S2 hra. 17 minulas. 
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Juplt^F a fine ohjwt hr tEi&ficopeSp witti h\n elliptical disCj darker at the edges than in the centrej and 

^parallel belt ^ markin^a; when in quarJmtniTfl (f, thp limb is very slightly ahaded, owing to ^ phase.' The ratalioD 
period im 9h. 50'‘5m. ncikr tlie cqtiator -(SyEt^jm I,, and 3b- 55^7[i], In L-he tcniperate (Bystern II.}. 

For refiisreaco, the dlae iM dividod itito the N. and £. Fular Reffi<mi ; the Equaimtil^ Trvjnissi^ ami Tiwipemti crossed 
by MTen darkor ^ helCa^*-Ti!5.j thg nftmow joZ Band ; the iT^oftfficiZ and S,), and (A", AA^.p SS.) Belii. 

:7^Ad Eed ^en in hr^t pfominent in waj^ ah. qtaI AboiU 13'"* by 3'" (^OpOW by 7000 mites)^ and 

its ratation peri-M] Las varied by several am^anda Bright red till 13B], by 133^ it liod faded to a pale oniagtj and 
hm since shown little colour. In 1310-20^ remarkable and rapid changes occurred in ybis negiap, the Spot dlBappearing 
And re-appeoring again. It has generally been seen in a 'hollow^ or 'buy" in the B. side of tbu B. Equatorial Belt, 
And 4 dark iiiArkipg^ the 5. Trop'kiU Di^turbanGCj periodically overtaken the Spot and acceleratca its moUoiiH 

Jupitnr's eyntKlic period being abpqt 399 days, in saocesgive years oppositions take place a monLh later in the 
scaEon, the moat fAVourable being every ISyearg, m Sept.^Ootober; his magnitude is then - compared with aLout 
^ 2^3 At mcati oppose LiDn. Min Em tun when incOpJanctio^ with the Spn^ about - Sidereal period^ ll^dSyrs. 

Jnplt^r'^ Satellites or Maon^^—^Boven o! these ar?^ seen only in great telescopes or on photographs. The other 
four (abouL loag, Sp and nutubored from the- plauut I, II, II I, IV) aro visible in an ope:ra glass; they are all eclipsed by 
Jupiter’s ihad&to (not m.BtantaneoLiBly )4 I to III once every revolution. Sometimos a sanBl]it« ' tran-stte' or paases 
across the planet's disc, appeariogp as it enters or leaves the discp as a bright spot on a dark background (the limb or 
edge of the plan-et being darker than thu ceiitre)^ while latnr it may dlaapiwHir, if the background is similar in brlght- 
nesa ajid poloari it may abiCi ehaw aia a dark spot. The flhadow aIeo Lramiits the disc els a dark spot^ which is apt t-o 
b0 takan for tho satollltc itself; Eometimea both Aat-ellito and shadow are seen transiung at the same time. 

OacukaiwnAf when the satellites pass behind the iaxl^ of the planet, are frequent^ but. of little interest-, thaughp 
when Jupiter is in or near quadrat.are, the Batelllte may disappear^ or lre-appear^ slightly away from the apparent 
limb owing to tlie 'pba?e'—which is on the west aide before, and on the caet Ride after, oppoEit-ian, 

SSlturn w also a object for small tolegcop*?. The diao ia oven more elliptical than that of Jupiter—seen 
fully only when the Earth is in the piano ttl the rings—hnL is Only slightly darker at the edges rlmn in the centre. 
Faint parallet-belt markipga may be discemcd| and occasionally bright or dark spote, but hJa special feature is the 
wonderful King uyEtEns^ divided in two by a dai-fc linc-lika marking known as Ciwsinfj ; it is just Tisible in 

a 2^dnob rofracter when tha rings a™ fully opati. Tbo projeering ends oP the ringn are c^Ied the JfuicE; the one facing 
in the direcitioii cf the planEt^a motion^ in the bold of view,, ia the * precEding" ansa, the other Lha * following ' one. 

The principal ringa arc designated A (the Oiit4irniotit) And B w’hich is brigliLwr j A is divided by a narrow dark 
lino ka-own as Enck^t Dizdsioii^ not eoaily seen. A third ring C, the dusky Cre^jf^ or (?awse nearest 

the planet, requires at loa^t a 4-inch telescope. The rings are not «alid aa wae once supposed, hut myriads of tmy bodies 
revolving round the planetj the actual thickness of the rings ia not yet known; egtlmatoa vary from 10 to 50 inilft?, 
Satvm BingUimn —Twice in thecourn&of Saturn'g fiOl-yEarriderealperiod, at intervaliol 13j and ISf years (from 
193€}, the ringe preeeiit tbeir edge (a) to tbe Sun, (&) to the tlarthu or (c) tarn their unillLimluid side towarck the 
Earth, and become inviBible in ordinaiy tele9.qgpe3—even in the largEat talescopefl, when edgeways to the EoirtJi—for 
a day or twg; Satnm ia then in heliooeiitric longitudo 173* or 332*, in the oonstelUtionj Leo or AqxiariuSrPiscea, 
About 0-7 years later, when be ia in the congtellation? Taurus or Sagittarioa (long. 02* and 262") the rings are fully 
open, and ho is at hia brighteat (j/m p. IT'). The most favourable conditions for brightness and openne&s are when 
Batorn is in oppysitioii at the times of porihelicin (longitude 91*), and greatemt opynuess, which, for tlio same longitude, 
only eccuFA every 29^30 years {from <1943). The Karlh Lsin l-oogitude 32" and 91", about lleCn 13 and 24, with Sattitn 
N. of the Ecliptic, and in 262" about June 14, when ho ia B. of it: oppositioiiiS about these dates will therefore bfi 
favourable, but those in the observeris suinmer will be at low altitudes. As Batum'a aynedio period in 3TS days, 
oppoaitions reenr only a fortnight later In the season each year, giving for some years asuccogsion of tbe best, hrightuf^aa- 
conditioDi. At the ti me of ring-in visibility, the I^iarth may pAMi (or almost pass) through the ring-plane thrice in the 
courae of a year, the Central one being near longitude 172"' or 332*, the otheri months before or after (see Table p. viii), 
Sfttum''B magnitude varies with tbo apparsiut width of the rings; mean opposition alioutH- 0^93, max. -04; ring^ 
less, from 0'33 to O'ST. HIb rotatioia period varies with the latitude, averaging ab&nE 10| hours. Herschel 1. gives it 
AA lOh, 16 iil; HoJI (1S7&) IQh, 14in. 34^., for lat. 10*; Denning (1903) 10b, 37 id. Bfia.* Sidereal period, 29-46 yeara, 
Saturn hm nine gateUitsA; a very Amail telEgcope aHows Titan, the brightest (mag. 8^3); & 3-meb, or even legg, 
E.hea (mag. lO'O); a 4-incb, Tathys, Bione, amd lapeLuE (mags. 10-6, 10^7, 10-9, respectively); th& others are mag. IS- IB. 

Uranus atld Weptune are of Little intaregt to thu ordinary obaerver, being so distant that their smal] dlsca are 
Tiaible Only in tele^copftti over i inehaa, Lhuir aatallite* iti large ones, Xyraung, being mag. G, ii visible to the naked 
eye; ^feptnne, mag, 7, in an opera glasa. TheJr Diaxliunm and minimtim brightpegg differ only by about 0'5 and 0‘2 
magnitadOp rcipectively; their angular diameters ikiso vary very little, TJrauua haa dv-q- satellites, N^eptnne two. 

PlutOi discovered 1930, has a very eccentric and highly-inclined orbit (IT"); at pE^ribolion (in 1989) he comes 
Dearer the Bun than Neptune. HiR magnitude (ieemi variable, by 0^2-0'-I mogr) riuigea froni ahoufc 12| to Hts 

diameter and Diaiaj.aa determined by Prof. Brouwer cf Yale from perturbn.tlons of Neptune^ it about equal to that of 
on Lis 

* In tk9 PaAa&t'K boi-Ui 











Planets X, 0^ P^ TJItftt-NelJtUniii.ti platict-ai augijcifttcd by plAtiflt^Lfy portalrbfttions BJid cometary analyaia^ 
Piul^ raprcaesjtfi LowuU's "Piuitid X' ^1915^ tiia^g muuli Itaa)} for tbii ctberii, jsee JLA,, \C)l. G]^ voL 40^ i^!32. 

The Asteroids, or Minor Planets, vury luinulti aro all invkible to th&nsikpd t'ye, fSteepL r^if« (oppDS. 
mag. Gi); the largc^st -SBO Diilee in btit tlic great, pinjority are well under 50 ThEi’y occul^y 

llifr fHjAitiCK’n wLerc * J^c(ie’F 5 l.aw ' (p. viii) indicatesi a planet ought to e:tiflt, and may poFssibly he the remains of one. 
U nliifi the ^lajor jilanetp (pjcept Pluto), their orbHf! vary preatly in inolinfttion to the Ecliptic and in ecceTitriejt.y 
having an orbiC-ineliiiatioEL of 13", and an ee^entricj'ty of 0 ^5 (exceeded by of Acf<wtfl, eee belnar). 

Nfii? BatBitiidi may reoeive iinmos, luiE aro oqIj nnmbenid (symibciliJiod lliu^, 0, roughly in the oiKk-r of diBccvety) when a 
sartlsfactory orbit hax heoil obt^iliod ■ for the tEmpcvraiy rnjiiiBnebttiarE, gee P-i*- OrfiJ' IhfXJ astEroitia are now Ikutcd. 

Eros (ftSS)! dianiflttr about 15 luilns, ancl ^i^rhapa 8-shaped^ or irreguJarly co^ou^Ed^as it.6 light varies, rotstea on its 
ails in lioiir.'i. Its orbit ia so eccentric that when nf-Nirisat tba Earth it is about hall the Ictat dUlance of Veous^ or 
i 4 million miles j it is then about mag. f, but is uBually Ijeyojid ih^ reatih 0^ giciall telsiieopER, the tncim opposition inag 
nit ode being mag. 10. The neameaa of Eroa makes it of great importnJice for acDurate meayurerneat-of the Sun's dislancer- 
Ajtwt fi)flparl6 Planet J9M EAj^ not more than 3 miles in diameterj appronciies Trithin nbout 10 fniliion milea 
of tJjE Eftrch—4 lujllioti miles ndn-rijr than Ercrt dcea. It may tie in opposit-ion twica in a year. Period about years. 

(I9S^ IJA)^ a Eeinmuth p]anet^ about n milo in diameterj, umj transit the SuBk as ita orbit cornea slightly 
within that of Yenus. At times it may «somc within 3 million miles oF the Earih. Its period w about If jeara, 
Athnis {J93& CA.)^ a second Dolporte plftiiet, in 1936 wa.? only 1^36 niillion mil&a from us* The eccentricity 
(O'T^) of its Orbit la such tfiat Lt cdiqcs uiofle to the orbit of Meitiury and travels out far aa that of hlara. It ia 
probably uod-nr balE a mde in dlianicter. Period about 2'S7 years. Inclination of orbit^ 1*26'. It was favourably 
placed for ob^rvation in June 1943^ but searcli fur it was unBuccosefuI 

flermes^ diacovered by Ite.tinn:nth in 1937p approached nearer the Earth than any other known planetary body 
except the flloonp coming withui 435,090 milefl of «r. 

The 2Voy*ft (or JupiUr) Orvup of aKteroida^ named after beroeain the Trc^jan war, is noteworthy for ite memliera 
revolving in stability eqoidistaTii (approx.) from the Bun and Jupiter, though their orbita are very near that of thelacfer- 
Plan^tary RadJatiOil-*— Ijhsolali&n of a planet is the total mdiatiou it receives from the Bun ; of this the 
planet ffljrad&Qfes mucli holar radiation of short wavo-length^ t.^.p the ultra-violet, vigihleh and shortest infra-red wave 
ifingthii up to Say = A14,00C!); and (b) absorbs the rest^ then i^e-radiates it as Ptfinetar^ Padiation of long wave- 
langth, VC,, in visible low'-tt-mpErAture hea^tays^ ift^bich may iticiude the planet's own mdiatioiip if any : thus Lb the 
measured totni cadiation the amount o£ (aj. A lorn, water cell placed in the* beam of the planet's radiation 
transom I [« (®) but absorbs (&), thus enabling the amount of the latter to be Fneasured, As an atmoKphere act^ an n 
blanket, the planetary radiation of atnioaphereleea planets will be high; that of tbeso with nt-moRpherea will tend 
to be j&mal], lessening the denser and cloudier the atmosphere. Quartjs and fluoritts fici-eens, which tranBinit longer 
wiiiVe-lengthfi than the 1'4^ of the wittcr'Cell (to 4'lp and 12^1 respectively) Bre also uFied In tliew inve&tigations. 

Jupiter and Baturn emit C per eent of planetary radiation; Mars has about 50%, indicating a thin atmosphere j 
VenuBp about 8% otk the bright side. The Moon and Mercury'give snggeetiug similar physical (atmospherelesg) 
coudkticii. The Mcu-n'a loEal tadlatioti hl Grst or last quarter ia proportional to the digtanct from the illuminated 
tijnb^. and is z&vq at thy terminator. The diflerence: in the radtatioii from the light and dark lunar itreas is slight. 

Planetary Temperatures.— The suiface-t^mperature of the Moon varies greatly throaghout the lunar day^ 
under the vcrttcaL Bun Lt ih lOTC, (214''F.),'while during thelong night it sinks to leas than - ■]50'’C.( -2SAT.). J/«-c«ry 
undof the vertical San k al>out S8o*K. (4l2'C.^ 774"F.j above the melting point of lejwi), at ptrihcbon, and 55S"K. 
(282*C., 540“ F.), at aphelion; hia dark itido must bo very cold, practicalJy eso heat being meaRurabie. rrHiisdifTcrs little 
OQ the bright and dark aides, Isor temperaturG being xbout - 23"C. ( -* 9^F.); wq evidently only sec the upper surfftcc of 
a cloud-layer in the isotbenuaJ region. J/ltr#, under the vertical Sun, is ^I’C, (TC’T.) at perihelion, but only -6“C. 
(2 rr.) at apheiiou, when the temperature at the poles is Bbont - TO^’Cr (- SIT.). Jupiisr and Lbe other gi&nt placetB 
are evidently cloud-covered like Yeims, but their temperatures are nstorally low^r, Jupiter being about -lAQ'C. 
{ - 202’ F,); tboagli much further from the Sun, some --120*’' 150“C, (— 134*"238"thus seemingly emitting 

some heat ot hia owia; UrtimiM and some - ISO^C. (■" 310'F.) and ^ 220*C. ( — 3fi4"F,) rtspectively. 

Planrtary AtmoAplinres.—The Asteroids, the Moon,and even Mei'cury (probably, the temperature being high)p 
having maages too ffmall to ov^rconae lha ' v&lcciLy of escape^ fp. 24), are ntmospherelesfl. If M freury hag an atmosphere 
as faint tran-sient mnrkiTigs (perhaps duat from volcanoes) suggesE, it Is so tenons that the solar Bpectrum is unallect-ed, 
FtfHtw has carboniE acid gas in her atmosphere, but Boemingly no oxygen or water vapour in the observable regions 
J/ar«.—The density of his atmosphere at ground surface ia estimated ns. not exceeding that gf fcht Earth at a height 
of IL mUoB, but it is probably mueb less ; clouds form m it and disappear^ and both oxygen and water vapour are be¬ 
lieved to be pre^nt, and were reported as having been observed in 1924, but bter oWn'atigns failud to confirm tl^em. 

Ths Gm-Tti Plant^iit' nticiuaphcrES, hq far aa they are poniihtTaLlo, are probably largely composed of hydrogen^ atad all 
contain the not ehlrIIj condcMiEEd methane (mari>ii-gaa, the quantity incrEaBLDg the further the planet iB frcmu the 

Sun's warotitig radiatign, Jupiter, wilh Lho blgbcst t-ompErature^ and to a leaser esttent Sntunit also contain ammonia, 

* 3«b Lownkl Obfl. ButlBtm, 85, 192^. 









METEORS AEB COJfETS. 


Planetary Surfaces.—Only the Dlondy upp^r ne^iomof bhe Gi^nt pUnet-i and nf 'Vf^n'a^ are TfaiWe, hut the actual 
iurfaees el the Moon, MercuTy, and Miara, aru The polariiuet.^r carTmf nf th^ thre« latter ar-e ntribin^ly similar 

tf> tJ] 0 !W 3 of Toloario w?h and pnmin^. Frnm their albedoa at diffbrentphaeeSj tho stitfacei* cf Mercery and tt^atmoaphei^a- 
^loon oeetii to he Tery similar^ as mi^ht be uxpected^ and are rather rough; tlmt <tt MjirH iseeme to be fi&irly amcpo-th. 
Meteors or Shoottng' St^rs are of all degi™^ of brightnlftM^ from tha fajnteist, laitmg an in»tan.t, to tha bolide or 
brilliant lastiog aeveral Mconda; tbane that reMh the Eirtb are oalled Meteora nnay appear in mj 

part of the tkyp but thera ar^ certain well-iuarked pointe on the star sphere from irhich showeri meteore ^ome etery 
year at regular dales, vhnn the Earth r&tumi to the same part of its orbit. These iho^era aro^ named from the aen- 
atollatSon in which lies their faiwU w Eadwnt^io called heqanae the meteors of thm nhower appear to 

radiate in all dirBctions Iroto that point m the akj. Mnny bnndrada of radcantfl are known;; the Tahls on p. 43givti 
a few of the principal ihowerH ebat may be looked for, and the approximate powtion of their Eodi&uia. Thosfi intot- 
estod will find a long list in WebVi * Ooi*stial Objects,' In colour, the nrerage meteor is more or lea* whitaif and ia 
esii mated to weigh not moro than a single grain, from brighbno^a and vElocity conxideratione. 

Tha metpon for any partLoalar radiant mostly exhibit the uame general nharacteristiici y-ear after year. There 
ace, howoTer, onnaiderable difference between rarioun showers. In aomo^ tha metoorH move rery swiftly^ in others, 
they move comparatirely sLowLy ;; in some, the average metigqr Is faint, in others, a proporlion of draballi may be ax- 
peetod* Streaks or trails are charaeberiatifl of some she were, whale occMionally a bright elow-moving meteor stems to 
travel in a wavy patL All these points Jtlioald be noted m meteor observitionsj bat in recording the appears ucb of a 
meteor, ibe nniklLlod should note that at is much more important to desoribE exactly ite apparent path nr track ameng 
the stars, from be^ttming to end, than ita physical appearan-ce. The aame ehowar may also vary-coniaderably iu point 
of Tiumbora, being quite ooTispicnous one year, and hardly Tijiblo the next, or for years an sacceesioii. On the other 
hand, BDiufl showers of considerable ^taadinesa aomotimfi* flash into great activity at intervals, the Loonicts for instance. 
Meteors are generally twice aa freLinent at 6 a,m. as at fip.m., becanse at th& formsT hqnr we are facing in the 
direction, of the Earth^s motion in its orbit; in the latter^ to the r&ar. They usually appear from 50 to ^0 miles above 
ibo Earth's surface, andi. on thpavBrage, disappear at 40 or 50 miles. (Se* Kotos on olisorving metpOTJk, p.43), 

C0ltl6tS vary in brightness, moat of them being visible only wi^h Ehe aid oE a telescope. A coioet is genErollj 
firwt disoemfblo os a minnto, faint, miiity patoh nf light, m much re-sembling a nebula that it is only identified as 
a comet when found to be in motion, but Bomotimes emn a very iar-gu comet eBoapa? detection at first by approacliirig 
ns in the line of the sua. The easential portion of all comoto h the coma or head, the minty patch of light already 
inentloned. In addition a may develop as it approaches the aun, Ls. a bright flamo-liho or star-like appear- 

Hioa withLn tho ci?ma, and also a tail, or somotimH several tails—which alw^ays point mora or lojia away from the sub^ 
no mattor whether the comet is approAchiiig or rtoeding from the ann. The tail nanolly appears aa a curved hollow 
eoat, dEorfjftsing in brightness as it widena out, Both nuelous oheI tail, whian present, increase in siio and brightaeM 
aa the comet nears the eun, and decrease as it rocodea from tho aun; or ibratifleatioma of tho miat round 

the nncloiia, oapEKiiially on the side towo-rda the sun, may also appear os tho comet approaches peribehoii, Kelt her 
nuclens nor tail, however, is necessarily present. Several eometa are connoctod in some way with mstoorio showors. 

which ravoTve round the aun, aud thus appear at regular iatervala—arakaowiiby the name 
of thair diacoveror (aa IlalmeM miTw-f}, Or dLueovorors at two diflerent returns (jm cewic^), or diaooverer or 

invoatigator of tha pEriodicity (oa and Encke^t CorrieU). Tom pel I (1867), Tampsl II (IS? 3), indicato two dis- 

ooverlei by the same observer. cowut (now lost), which divided In two, was known os Eicla I and II. 

The ZodlftclJ Lifht s^Except near the tims of the eqniaoxos^ this U not woll aeEii in temperate latitudes, as ita 
axis Ln the: sky at other times ii comparatively nw the horUon. It appears os a iaint^ baay^ oonioal, beam, flome 
15*^20' wide ml the bwe, which nearly follows the oourss of the Ecliptic (not the Celeatial Eqnator) on the stor sphere, 
tor ^0* or more from the horiEon a littfe souih (S. Hemispheres north) of where the San ia below the horizon; in itt 
brlghtoat parts, it is two or three times as iumLaona os the Milky Way, but towards its extreine limits it ia alwayi 
exceedingly faint. Ite brightness aeemt to vary from time to time^ and II ia brighter when observed within tha 
tropics than in teinperato latitudes^ partly owing to ita being more nearly vertical to the horiKon, and partly to the 
ahurter duration of twilight. It is best aeen Feb.^Mareh (evening), Aug.-Sept, (momiag) in the N. Hemiapherc ; in tho 
B. Hemlaplusre, via v*^ta j the i□experienced are apt to mistake the glow of twdjghl for it (iiae Kotos on Olsiservlngy. 
In a very clear atmosphere, tho E^iaf:al a narrower extension. joiiiB the (next page), thus cxtoiid- 

itig the Light right round ^e star sphere. Thase pheEsomena are all u^uflrlly attribuLod to sanlight reflectod fmm 
meteorio bodies, their rpoctra being mainly that of santight, but two reccot theorSei conaidor them, (a) a terrosftrial 
'tail,' like that of a comet, due to the Bun'a light-pressurej (£) on atmospheno phenomenoii aL on immcoEe altitude, 








Th^ ' CountsPgflQW' Of Gs^enschslu i* * fkiiit rcunJ patch of light, 10’-£0'' in dismetpr [i.t.j largos thiB 
tba Square of Pegasus'^a, B, Peoasi and « AlflPRQiitD^X or 40'-60‘ according to another authorit]^, situated 

on tla« Eetiptio it tho point diametrically opposite to ’where the Sun ii for the time being. It ii difficuU to 
ind eamiat 3>e di^tinguifeliad if projected on the Milky Way; choose a m-Oonl^aA night of exceptional cleimeB^i when 
the Pcliptie ia highflflt aboT^ the horizon, tIs^, in Pecamber and January, According to Barnard, it ii largest and 
brightwt in Septambgr and October, (Seo a long paper by Barnard, in the Engluh Michanio, iiircb 31,1^13). It 
alio la pmbably due to nuilight rodected from mat40ric bodiua 

OCOUltatLOnS take place ’when the Aroon or a planet passMi in frcmt of flotuc eelostlid b□dy^ abuttting it out from 
ri&w. The Moon frequently occulta stara; the distappeanne^, or in always on the E. lido of the Moon, tba 

reappearance, or mrorr^wTi, on the W, side^ aamBtimoa (but ramly) the Moon occulta aplaout. Whan the atar La brighi^ 
the iiiataiitftiieoTiF? disappearance and re-appearanoe are almost atartling; very rarely, the star Kems to hang for an 
instant on the limb^ perhaps chaneing on acme irregularity parallol to the Moon^a motion, X^umtion, see next pagSh 
The Moon's (star) shadow is 2160 mllea in diameter on the fundaruentai plani? (p,3)^ and has no penuinbra; it aw^ps 
across the Barth from W. to E., in the dTroction of the Ear^h^a rotation, ’which matea ooenltationa La^t longer than 
they would with a uoti-robating Earth. The occtiltfttion liBtgi?e 0 the parallels o( latitude ’within which they are 
iee'n [ near these limits the small breadth of the shadow (oTah in general) coadne^’risibility to a very limited dintiiot. 

EcUpSBR opcnr when (a) the Moon paso^ in front of the ^un 1 1 (^) a satellite entere its primaryg (the b^d}f 

blote out^ bi ocooltatiDns), and beoamea invisible, though nothing Intervene-s, benaiage the Bun no longer Illumines IL 
In Eolipsei —whioh, sE-rlctly speaking, aro really ocoultaiiooA of the Sun—the eelipse begins on the wtat aid* 

of thR Buu'g disc, and tho shadow sweeps aoros* the Earth'a surface from ’west to ea^t; in Zunar the eclipa* 

begins on the oaat side of the disc, and gweepg over it westwards. The witt^ra, or Is the dark shadow on ihal 

part ion of the E^rth in solar, of the Moon in lunar eclipses, which^ for the time being, reoeivog no direct light from 
th* Suti- The umbra Hhades away into the bothering pmumhra or partial shadow, which eovera those regioui of the 
Earth or Moon whence the Bun ’would ho seen partially ecliped i the isdg* betweon thsm is never sharply defined. 

Fint Ct^Tiiaci ogcdts, in a ootor eclipse, at the infant ’when tho discs of th* Buu and Moon fScst appear to touch, 
ve,, when tho eclipse begSun? Zoj/ CtMjtacl at the instant of the end of the ■eclipse. In the case of a lunar eclipse, we 
have two First Oontacta—at the instant when (1) the penumbra, and {^) the umbra or shadow^ first touch the Moon's rilgc; 
and atmilarlv two Last Contoots, at tht moiBent when (3) the shadow, and (4) the penumbra respectively loare the disc. 

The wnfignitwl^, or extent, of partial and annular cclipMS is indicated by expressing the proportion of the dianaetsr 
sclipsed as a decimal of ths full diameter, at the time, of the Sun's or Moon's disc ; in solar eclipses it Taries according 
to the locality, but in lunar eclipse* It is the aame at auy plaoe from which it is viflihle. 

In a total lunar eeiipss, the magnitude is indicated as the ratio to the Moon's diameter at the time taken oi I; any 
•fllipio 1 m than 1 ’will h* a partial one^ while the maximum will be about I’8, but this only occun when the Moon is 
simultaneously In perigee and on the EcUptieii The farlhrr the Jloon Is from the Ecliptic^ the shorter is the duration 
of totality, and the nearer the poiau of first and l&it contact te ths lunar poles. 

Llin8.r EclipSBSr wheu total and central, may East oa long ag 3 h’Quns 4S inlnutes froca flrafe to lagt contact of the 
umbra, -or op to 6 hours meluding the penumbral stagey the maximum duration of totality is 1 hour 42 minutas. 
Usually the Moon does not altogi^thar dlaappear from viewj. btsu at p:]id-Bclips&, but ihinee with a dull roddish-orange 
or greyiflli light] being 11 luminatod by sunlight refracted by the Kartfi^s atmosphere : the eoloariud brightnesi depend 
on thfe amount of water vapour aiad clouds present in the Earth's atmosphere at the time. On rare occasions the clouds 
intercept all or nearly oh the rays that would be raffiLcted, so that the Moon becomfta nearly or altogether invisibicr 
Solar EfilipSBRr annular, ore rarely visible from any given place, the Expectation' boing only one 

in 360 years. Som* 3 or 4 hour* elapse between first and last contact, but totality never exceeds 7in, 40 ■*!=*., and 
annnlarity mbinlea] both are usoalty mneh lass. At the equator, both totetity and coatacti-interval last about a 
quarter longer than at lat. B0\ Tha width of th© lone of totality averagEa leaa than 100 mile*, but where the Bun 
ia in the lenith it may be abonb miles.* Partial solar aclipsca: are of little interefti, the Sun merely appeflring 
notched; the temperature may fall perceptibly, howavor, and about mag, '■&7, Mercury, Yenue^ and atare may appea/, 
Transits Of Wercury and V^nua.—Tranaite of happen twi.« at th* ihort Lntorval of eight ycara, and 

then do not recur for over 1*00 yean (106} and IBlJ-ikltaimatelyJ. Loflt tranEite, lSi4, next transita, 2004, 2012. 

Mrrmry tTansits tb* Bun about four times in 33 yeara^ and ai <Aa tame node at intervals of 7, 13, 33 or 4B years. 
The trxDsitE always happen at the descending node in May, or at the aacending node in NoTEcnber. Transits take 
place in May^ ISd? and 1970^and in Sovomber, 1QB3, 19C0, 11)73, 1986, and 1090* (See Note on Tranait*, p, 42), 

* 3«e Tfuk CbertB in tbt ^V.j4. * Or, ib bdii*rlfli4 vnv Ptn^r tefurt Uir othar. 











CJCZKSTIAl 


Duration of Occultatlon^-— The mean djiiljr motiun ftPiung the stare IS or0'-55 per liour* aBseeo 

from tb-e KarLb''H ct^ntre^, Tlie Mu/jn''js iu-c&il &tigEil[Lr diikmetcr liein^ tov a- centra] oceultatioD Lur shadow 

t&lcea n^Ariy ^ on Lite average^ t€ pass itke Eiartb'^a ceathAi and aLill a pe-int gn the Keith's aurfacei where 

by her rotatioii^ an obiorver b briEif; carried in the aame gentral dLtecbicn as iho shadow is traveUm^-. At the Earth't 
et^aator tbe speed ie nbaat 1030 milea^ and at latitudes ib* aed 52*. T3>1 miles and 640 milefl per respeeti?ely: tbe 
da ration of an oocaltatiaa, therefore, shortens with inoreaBing latLtudep but in bnding the aotual durabioo^ the 
“faryin^ T^locaty and angular dianaeterT and ether factors, have to he taken into account. The tmek pf the centre of 
the shadow ma.j takgatrangc purreSj TC^ry similar to thgi^ of the tracks of various sofa^ eoHpscs givuU. in blie JT.A. 
Id thfi latitude ol Oreeuwicb, some central DccnltatiotiB tnay Lust about hoLirs. 

Ocf^tatlou Period.—Owing to tb& weatward motion of the iloon^a node along the Ecliptic (abemt IJ' per 
nodaca] month), tbo Moan’s monthly path SLEDOog the stars is always changing, circUpg the StfiT sphorn back to the 
Same node in years, On average^ iharB£on:s^ each star within about 6^'* of the Kcliptic baa the chaiioeof being 

occulted twice during that interval, when it is paj^sed succssaively by ths ascending and d-e^ccndlDg quadrants o£ die 
Moon’s pathr These * passing*’ are at average intervals of 9^ years for stare on the Eoliptie itself; for other occal table 
stars the interval between tbs pasaings sbortene as the distance from the I^liptic incroasaa (with a correspondingly 
longer interval to tbs nent pair), til3+ at tba occnltable limit, the two pasaipgg coincide. But the interTaU are not 
ooD^tantj owing to the varying inclination o! the Moon's orbitt the node's iiregnlar and Fometimcfi (as regards the irean) 
revereed motion, 4ec., so that an oecultation bcMpeat-ed during ifiany monihE? — or ev&ti Hoinoycarij for stare near 
the occaltablc iimitj wh&rfl the monthly paths arc closely crowded—before the path ficially departs from the star. 

Twilight, from, &QC3«Dt times, has been reckonod u ending when the Sun's centre is 18* below the horizon, 6th 
magnitode atars then being visiblu in the Aenitb ;: it has no dntmite durarioBi however^ an meteorological conditions may 
modify it. The glow, m its later etagas is a segment of a circle, brightest vertioaJJy over tha Suici^ Directly oppoaitt, 
the indigo-blue aogment ol the uniltuminated atmoaphere rises frona the esdt as the Sun recede* from the horiatm. 

Twilight length^nB with distance from tlie Equator, and is shortest ah over the Earth about the Equinoxes, 
Tbs total variation never exceed* half an hone below latitude 40", and in higher latitudes, some 10-30 ndnule-* during 
autumn, springs and winter; but above laL 4D", in SEinunir twilight lengthens, till it lasts all night above 50^ Ctwit 
and ?’im?ipA£(BritiahJr. J.Jem] when the Bnn'a centre is S*, 12*, and 18‘below the horizon—the 

first about the limit wheti '^ordinary outdoor oporabiong became impracticable without artificial Jight^^ Table 

Twinkling af Stars. —Though purely attiiMphEricin it* origin, thia phenomenon is of interatit to aatrcuiomers, as 
it is affectod by the nature of the light emitted by each star, by its spectrum^ White stars (T^pcs B and A) twinkle 
mdat; yellow stars (Types E to K) slightly leni, and red stars {Typo 1£) least of all. TwitikJiug ia Imat at the zcnitli, and 
in settled and oalm weather; and greatoafc toward the horizon, and in unsettled and Btormy weather: there ie ahio a 
aenaoiiftl waxing and waning imm mid-auinmer to mid-wmcer and tniw i-wsa. Planets do not uEuahj twinkle axespt 
when ne&r the horizon—suppnMd to be due tc the fact that they have discs of an appreciable size, 

37w Gram or * Green Bay/ ocjcaaionally seen for a second or two before the instant of sunset or Jtunriac, 

is a beautiful solar phenomenon, duo, like twinkling, to atnuMpheric causes ; it is more often visible if an operargEofli 
Is used. The general conditionB required are a distant, sharply-defined, and low {preferably sea) horiaan : avoid looking 
at the Sun till the last moment, Oool wcatber and absence p£ red tints seem to favonr viaibility. Bomecimefl it takea 
the form of a flaab followed by a deep blue one. While the duiatign is usually cniy a second or two-, it tendu to 

lengthen with increase in latitade^. especially if the boriion is nearly parallel to tho Eelei'b motion. In the AnLarctio, 
it has been observed for 30 minutea, A Eid Fkt»h is sometimes sje^d oj the Sun's edge emerges from a dark 

aloud n&ar the horizon : it may laat minutea If tbe cloud’* motion is nearly the same as the San’s. 

Aurora ar-e believed to originate in the Sun. There is general agreement between the sunspot maximum and tnini- 
mum and their greatest and lea* t frequency, and though no defiaite relatignEhip with sunspots La* yet been demonstrated, 
magnetic Btorms and aurora £^c^|ustltly Qccur when large apata are on Drn&ar the Sun^s central meridian; thsy maybe 
due to rayg shot out from certain areas of the Sun’s ^jurfa^^ — not noces&ariiy radially^ or from where a sunspot is seen. 
Aurorw appear in variou* fot’n3*^ diSPuAe iire&B, arcs, rays, bcatn£, curtains, patches, (fee, (details see p.44). The 
ordinary hsight !* aome 87 to 300 kilometres (55-lSO milcs)^ but altitudes of 1OOO km. (620m.) Imvo been r&cordod. 

Aurora are most frequent about the time of theequinorcs—SApecLally just Eifter.* In Europe, soms thirty may be 
seen annually on the line Invarnesa-Oilo; south of that line the number rapidly fallg off, and Boutb of the latitadeof 
Paris, they appear onty at long intcirvala. In America the cor responding limita are Quebec-Alaska, and Washington. 

The colour of Aufores is ordinarily faint whits, silvery or delicate green in the brighter part*; red may appear, 
eftpccislly in the diffused type, or toward* the lower edge of other types, and may pass into yellow-green. The auroral 
spsctrimi (also that of the night sky, faintly), has a characteri^tia green line—\5377—due ia oxygen and uitrogetL 
Lamiuoai phenoTnena, simulating auroral forms, also occur (rarely) near or even at ground level, and owing to 
andoubted theoretical difficnltias (in out-pre&ont state of knowledge) are naually attributed to mist or-optical illusion. 
There explaoation*^ however* do not account for tbs apparent ahrencegf report* of such illufliona from the regions of 
leaser auroral ewt-ivity^ where they are equally likely to occur, nor da they Batisfy an actoal witness of a ^low aarera.' 

*Sw ' AurpEWh* Eb^yclo. BritiwaDin., llth HbtuHi^ 
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VL HINTS OH OBSERVING, &c. 

Atmospherlo CondftlOTlS.—To get the beat reaultei ohjfesU should be lieved when lii^y arts ai far m possible 
ab&vfl tiiB hdrienn, va., Trben near culminiLtioiL Satiafftotory obflervfttioiia cannot be jniwia of objacta at low altitiide^ 
owing to the iocrBased int^rTenbig thiotneas of the atmtjipheTe, end the hase *Tid teist which ao often obscti^e the 
horizon. The eight# whan the aky 10 darkest, and the star# moat brilliant, are not always the beat for obKrvetiona, 
Faint and ill-deined objeotg, vuob aa eome nebnlm, may^ howeyer, often be seen to adrantage oa ^noh nigbt«- 

Daring a iliglit haue, the air is often aceady, and ffplendid i^iewa of briglit objecta may then he obtained. 
If the stars twinkle tnuch, it indicates thal the air is- onsteady and not altogether satisfactory for obaervation. 

Viewing* Faint Ol^ents-—The eye becocnee mneh more sensitive to faint impressions aft*r it Las been kept 
ifL the dark for a considerable time. A iligbt change of foon# ii often restful to ihn tired eye. 

Vsry faint obj^ta^ otherwise iaTisible, may iometimeH be detected by aver tod vision: tbe ^e is directed to 
Soother part of the field, while the attention ii hied on tbs spot where the objeet ii supposed to be. 

Uaklng' Notes: Consulting ChartSt &c.— A bdirs^eye lantam with a ^lide to libutioff the light is of great use. 
A cycle lamp may be utiliied by the occasional observer, A pbotographie red lamp u ev£:U better, as it docs not a^cot 
ths senaitiTeneii of the eye. It may be placed on a support at some diitanoe from tbe observer^ and so direoted a# 
to throw a/aini light on tbe hook or card^ when notes or sketches are being made at ths telescope. A strong light 
should be avoid ed^ as it makes tbe ay a less sensitive for o^bservation. 

A Bmall table to bold the maps and other books, with a inn tern having a shade to throw the light downwards, 
lest the direet rityi of light should retch tbs eye^ is almost a necessity; a spsci-BJ sbelf may ho di&d tip m an ont-honse_ 

All observations should be writisn down at the time, when they are made. Tbs do tea should bn olearly worded^ 
and abould have entered on them tbe yaar, month, day, hour, and minute of the obaervatinUi tegfitber with tbe apErture 
and power of tbe telcaeopi), and the state of the air^ In Ekkrtbshins obsarvations;, the tomperaturQ, barometer reading, 
and direction of the wind abould also ha ]iol«dp as meteorological eouditions have some tnduence on the brightness. 

Direction in an Inyertling' Telescopa.—In the inverted view of an objeot, as seen in astron ora Seal telescopsa 
(except •‘Gregori.ans^), to obBcrvera in the Ifortheni Hemivpbere tbe upper part of the field of tiew is Aoutb, whEe 
the lower part is north ; east is on the right blind of the object, and west on its loft .fide. 

To obsarvers south of the Equator the reverse ia the case^ the upper part of the field ia north, and tbs lower 
south : ia on the left hand of tka object t west, on its rights 

For circumpDler atara, however (t.tf. thooe a leas number of degrees from the Polo than the obaeriPor)i the role does 
not bold, tts the observer ia facing the other way, and objects on opposite sides Of tbe Pole are moving in opposite directiona. 

North Preoedltipf &e.—To get over tbe»o diffiEultlea in dosoribing how to find a celestial objent in the field of 
view, the phrases ^ISTorth (or South)preceding/ 'North (or SouthJ following/ a certain star, are commonly used. Iforth 
(or 5 oHiA) indicates that tbe object is nearer the North (or South) oeleatkl polo th&n the star roforred to j that 

its Eight Aacension is faw than that of the referenco atari and i^oi/oiein^i that its Br-A, ia jreftteVi thns indicating tho 



BdtwHH riling ftud Sqgt^hs or BH-hvern ?iliDltkstl«a uad settlef. 

tiin JaUiiid# q^eiMTPBTinMf f ffjiraf'.lll. ili;^ mdin? m i2ah£iuJc q^jT^iWpvwMrf rfitfliaMtdflS 

■ii,p.—KortJj |in44d£B||j n/.^Norlt fnllawlllS. kBobUl pTiwdlo^ ly.^Sn-iLiii f^Uawhi^;. J*—Wut, 

direction in whicli to find the required, objects Tbe annejced diagram indicates how the honr-cirdo—^whicb coanculea 
with the Hue SN in tbe diagram—'UeH with rospaot to the horizon in an in verting telescope, when in difierunt 
position#, and how a Position angle (F.A.] will in cona^quonce occupy varying positions in the field of view. 

In the diAgmm, tbe arrow denotes the apparent path of n star with mforenoa to the bori.Eoii, u it droasoB the 
field of view of a fixed inverting toleawpe in the N, Hemisphere. This path will be hotiEOiita] only when the object: 
IS on tbe meridian, bnt tha relative positicniB remain ononanged In the S. llsinisphEre, invert the whole dfugmm. 
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OBSERVLVa 


Obs&nrtngr the Sun,—Tt U extremely be attemi^t tg ti&w th^ Sug unh^ pr[^per preefriitioni a,r? binkeii s 

bliiidineM may be thu penalty of raahnesa or ignoraiai:*. A pcrle^tly aafa fuelhod ia tn aupport m amoocb, white card^ 
it ths distanca of alioui a foot fro™ eye-piece^ and to f«us the image of the Sun projected on it Ths acreeii 
ahoQild be held m a covered frame-work er box, and the picture of the Sun vj<ewed throuj^h a bo^e in one of the aides. 
If, on the other hand, the Sun is Tie wed directly through a daTk-glftSB cop, a larger Rperture than - inchea cannot 
oafely bfl n^ed in the heat of aummen A atop made of a card, with & circnlar bole of 2 Lncbea or leas in diameterp 
should befitted ev^r the object glass of & Jargor Instruinetit^ to reduce the amount of light and boat tmnsmittred r thfsp 
heweTer, tends to »dnce the sharpneiv of the deSaitian. A special solar eye^piece can be obtained which snabka fuU 
aportnres to be uied with saiaty, 

ObSSrviHg' PrOmln^llc^eSp by the spectroaoope. The edge of the Bun's image shoold be made to fall on the 
ntartj-closed slit of the Bpeotcnscopo—whkh must be one of coniiderabSe dUpersive power. The telescope should then 
be driTen (preferably by ctochworh) so aa to keep the image in the same position. Ihe Spectroscope ia next locujuod 
on OOE of the hydrogen linea of the apeetruiUj and, on the slit h^ing opeoed, the prominence will be seeit. flood 
Tiewa may be obtained in this way, using a 3dndi telescope wilb a apnctroicops haTing aeTeral prisma. 

Observing'SuDSpotS-^Io studying their motion across the disc frauioast to west (s^ not^ p 3^, aa todirsution 
in inverting ukscopes), the position smgLs [p.d} of the Sun's axU reqalres to be t&ken into coosidE-ralion, os tho 
apparent path varies aeoarding to the time of the year. The spots only move in straight lineH across the disc iboul 
Jnne 5 and Beoember 7, on which datea alone the wlar ce^uator is aeen a^ m straight line on the due, dividing it into 
two hemispheres, with the pole-s exactly on the limb. At all other tinier, one pole alone is Ti^ible—very near the 
limb owing to {oreshortening—^nd the aolar oi^uator lies en ene side or other of Ihe apparent centre e£ the disc, and is 
curved downwards Or upwards^ as aro Aha the paEba ef the spots : maxiTnum curvature uortEiwards, about March 7 , 
■oathwards, about Sepl Suiispots take about a fortnight to travoras tho disu from Kmb to limb, and will reappear 

after the same interval if they surri^^e. Naked-eye spots have a diameter not leas than about 1/GOth ol tbs dijo (Bl''), 
The variatiOD of iho position angle of tbs Sun's axis during the year (for the AbrfA pole) is about as follows :— 
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Near the times of the greatest inclination of the axis to the liour-clrele, spots jnst appearing on the bnib in the 
high ipoHatitndo of 45% are, by the inexpSriencedj apt to be taken bsing near the poles. 

The number of degrees tha solar equator is below or above the centre of the disc on various datoSj is givsn in tho 
A^aufico/ Afrkvmm;, column ^ * Heliographie latitude of the Earth,’ indicating that the spot-path is curved seuth- 
wards, and - that it la curved northwards. The longitude of the ipot on the surface wi be found when it arrives 
half-way across this disc, from the colamu Lg, * FTeliographle longitude of the cejiLrs of the dbc,* 

QbserVlUIT thd Booiu—^Wlth a low pow&r, and a fair-sixed telescope, the glare of the Moon is very trying to 
the eye, and a tinted glsss, mauntsd in the same way as the dark gisac of the lolar eye-piece cap, may he used. 
Kedu<^iug the aperturD ad'ei::ts the sharpneu of the definition. When the Moon ie in perigee, the brightness ia appreciably 
greator than when she ia in apog&s, the ratio being nearly as 4 is to 3. Best'seen oonditioni of each phase, see p. 29. 

Observing Lima.r EcUpaes-—Mid-winter eclipsea have the best altitude oonditione, my^eummer ones the Least 
favourable, for tlia reason given p. 39. EirstoonUct i* alwoye on the E. side of the dine, and through the toleecopetho 
Earth's shadow may be seen sweeping Blowly across it, but tha edge is not sharply defined. It should bs netiesd that 
from Erst to lu^ the ’preceding* edge of the umbra u always uniformly convex, uni Ike the dark terminator of tha 
young Mccii, whicb, thoxigb canrex at firat, daily grows Jess convex, till, at First Quarter, it is atroight^ and 
Anally becomes increasingly concave. Similarly, the ’following* edge of the umbra \n abo always convex. Fhenomena 
that may be noted are the Tisibiiitj or otherwiae of the rays^ and qf prominfint cratei*, &c.,. such as ArktarchuB and 
CopernicuB : also the variationB of «»tour as the eclipse progrsasca, on dlfibrcnt parts of the dis& 
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Observing the Superior Planets —In teiupafftte ktHwdot, aummer obserTKliona of thaae planeta ire 

nontluoiud iituler «nftrourabi* oamJitionJt aa to altitudf} in vriuter, the attitude condition* aro the moat lavonrablo. 
Tbi* roaulte trom tho plAoeta baiiig alaraji near tbe Eeliptic, ao that tbcii' biglieat Att^tudd above the nbiMrve^* 
horuoEi at cntinination ii ducb tlia SAifle sw that of the Ecliptic where it cute bin jueriiliani. At mid mid 

night oulmiufttion it at it* lowMti ond io mid-wintsr at itn higheit. Thui obserTera in the Northnni bamisphe™. out- 
*ide the trqpics, are better nitnated (or obnerving the oppcaitiotit bet wean October and Marob, than those in tha 
Boathomhamispliere, white obwrveni in the latter am better placed for seeing oppoaitiOiia between April and September. 

A ourioui effect of the two year ejQodio period of Mars i*. that for eome eighteen monthi or w> in sucoeaaioii, be 
te vieihlo at aome time or other everv night, then besomM lott in twilight and daylight for wine fonr or six month*. 

The angular diameter, or eemi^iatneter, of a planet's disc on any date, will be found in almanacs; tho diagram 
iudicatee. on a uniform eoalo, the range of cbatigca, and relative tizee, of ^ediaoB, and thofavotirableneee, or otherwi», 
of the iina of the disc can eaeily be inferred by referenco to the mean diaEiieter« 



Baturn. HiiclS" HuS. br Uu. ir. Urmnyfc Si". IS.rm. lUfc Si" Itna. iW St*iB. spp. IS' »t«. IS". JopUir. Mm-ntt* HKlLIt ' M«. Iff'. 

Mer&ury anii Venus*—^The moat favourable seaeoae of the year are indicated on page 33. For 
Mercury, Bouthern olMotvera have the beet eoDditions, as hie maximum elongation onenre when heiain S. Declination. 

O^rvii)^ Occultations,—fiegiiHtors will probably h* rather pulled to know the direction in which the Mwm 
will approach the etar, owiiig to the varying pooition of the Moon's axis with reepect bo the boriMn: the direction, 
however, is approximately at right atiglee to tha line jdnifttf the coapi, or horn* of the Moon. 

The Moon’s mean hourly niotiun being fully i', the rate of approach hi about a quarter of the Moon’* diameter in 

14 minutes, or the appamni diameter of HipparcLua in about 3^ minute*, or of Copernicus in about 1| minutef. The 
tlniBi koiveTeri ia moditLad bj the latitude ctf the observferi Jtc. 

th« ZodiacaJ Llg-ht —Aj tha aiia of the Light ipprqiimat&Ey coineidcs with the Ecliptic, the moat 
Lkvuiirable conditiona io tflmperftte Ifttitudei are vvlieni the Eftlipcic ii moil caarly v^rtic*! ta tha horizdn soisn 
sunset, or before. Bunrije, whioh in th* cTening in befom thfi Spring eN]uino3[. and in the rnoraing after tha Autumnal 
4 ?ffuinox, of h^miepbaie Tha approach to Tertionlity is tlwmja when 6 hr*. R.A. ii on the ineridlB.TL (N. 

Hoi£LLiipbeire)p or IS lira., (9. Hemi’^pfaoro); at thftt Inj&tant^ fMd, both tha directioii of tho portlou of the Lights 

also ihi? v&reicftSitjy ar® njoi-E flftiity foundp m the EaUptio then interftee&fi tba horison aiaetly due wwt and due eiwt,* 
and ilw angle with the berixoD la equal to the flO'lititudp of the obserTerpiii# ^3 J", 

The Zodiftoa] Liffhfc proper oaunot be longer above the horimti thim aii houra after aunaety or before aanrise, u 
ilj eitemion from the Suu ii TBokoned ^ about 90", bnt of cont^e it will only ba distioguiahahle for a much ehortOr 
period, twilight praTenting obaeFTatioii for perhaps an hour after suoMti in tha higher tampfirata latitudes; and tb« 
haf® of the horiion obscuring ita faint eitremity for long before setting. Por brightness, oompare with Milky Way. 

The Table below givos the approximate datEs and hours when the Ecliptic ia moat nearly Tertical dining the short 
observing season.. The datenat the tap are for the N. HfifuiaphcTE ; those at the foot (in italJo) for the 9. Hemisphere. 
The poflition of the foot of tlit Light oti the horiion for threo or four hours after (or before) the houra mentioned 

15 easily foondr as its movement in azimuth westwards, may be eaten lU about 6* per hour, orar that period; 
simtlarl?, the decrease per hour in Enclination after (or beiarE.) greatest vertkality Is, roughly, 2\ 
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ObS^FTtag' tbs unity W&yn—The Milky Way oircle* round the Celestial polda one* each aidereaJ day, its 
central Hus passing within 37* of the N.pole, in the W of Cassiopeia, and within 2V of the S-pote^ near a Cnicit 
In th* 1)^. hemiaphore, in the latitude of Briiain and tJ>e U.Si A., H pastiefi through or near the Eonith during the boun 
when R-A. 22 lire, to 1 hra. are on tike meiidiJ^nj thereafter it epproaahea the horison, till, when B.A. IS hrs. is on tha 
mariiliaii—a-od for iamb time before and af ter—it lies so ciloa& along tho . horizon for inoet of its vifflbla length that it 
is kardlv observable* after which ita alcitude begins to uicreas* again. The Gaasiopeia-Argo station U visible to It* 
nmxlmiun extent wh&n E.A. S bre. is on iha meridiaii, and the CasaiopeiaHSoorpiua section whBn E.A 16h. ia on th* 
WEnJlikidi, but the porLioua near the horicon are not wall speru "For favourabJa ohsarving tiuiws, oonault Tdble p. xiv. 

Id the 3. hoLTiLsiJhei^ in the latitude of Cap* Colouy (kud SoutibBrii Australia, the corresponding phases are;—over* 
head^ E.A. 10 hrs. to lb hrs. Oq Lhu uierLdiaD; on the horizon, R^A. Ihr. on the meridian. The Crux-Cygnaa and Crya- 
Persnua sectiena are Tiaibl* to their mAsiimjm s-itanL whun R. A. 20 hrs. and R-A. ihra.^ respect ively^ are on the merMlaii^ 

u * Tb# (KHniww'dilwiiijjai nqciiw omtvoUcu Iijt bbe tnnigufitifl vaaiation; i« l-c&cJi (iuVftMunriftEt Uipir 
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Observing' TariablB StSirs.—The ‘variable^ is compared with nei^hbouriu^ sE^ri. of eimiSar bti^hine** 
uid of kDOwn magnitude. Two compamon etar? exe founds one ratber brighter tban tha vuriabla, the oihar atightlj 
faiater^ the magnitude of the Tariable will ba between those of the comparwn. ttar^ and the nearer ibair magnitudDfi, 
the more aceacate the reiulL Exaept for rough qatimates^ a catalogue oE magnitudes is req[uirad^ or a special star cb&rtp 
■ucih as those for and TariabloH girdn from lime to time in the British Astron. Aesociatioii Journal^, 

or 'sequences/ t.s,, Ikta of standard sta-TV, arrBiiged in order of tnagnitade for this purpose. 

The dates of ninixEnaand minima are recorded bjthe Julian Day — wbioh begins at no^ not midnightp 

decimals of a daj, but obaervationa eauilOt aEwayS bq ma^le, as the date may falE when tliB atar i& n^ar ihe 
iSun, or during moonlight. The annual B.A_A. Handbook gh^ea uisclul obn^rving informationp datq? of maiimar 

It is Impartiuil^ wilutepossibiep (a) to observe tbe star when at its highBat altitude; (£) that tbe oompiLrisoii stars 
be about the oame altltudep so that atmospheric atraorption {see below} wili equally diTuct their ma^edtudea:; (c) that 
they ba oa naariy oa pos&ibla rimilar in colour to the varlayap as it is vqrj dilGeuit io eatimaio correctly the r^ol 
relativ* brightness of two stars differing widely in colour, Mi for matojiae^ in the case of Betelgease and Bigel. For 
a curious optica) phQDDmeaon—known as the Purkiiyti —comes into playp ]iam^ly.p that if red and green 

lights^ appearing equally bright, are increased or decreased in the same ratio, in neither case will tliey now appear of 
equal brightness; the red will leeni the brigheur when the light ia increased^ but the green when the light is deereaaed. 

Estimating Bagnitudes ; Atmospheric Absorption,— For accurate valuation of the magnitudes of bright 
variable stars, if the compariaan EUra are not about the Eame altltudep allowance must be mode for the dlEference, ae 
atmoapherio absorption dimmishoa tba brigEitnesa (apart from haie) by approKiiuaCely the following snagnitudes:— 
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CoiIl8t In searching for oomets, a tele^opa oE fairly large aperlqrq and ol Bhort f^ica) langtbp with an 

eye*pioce oE low pewer having a largo iield oE viow^ should bo used. The obsiervor ehouldalqwly (i.tf.p tnove 

the telescope in a homontal diroction) for eome distanc;^, acurelul watch being kept all the time. At the end of 
the sweep the telescope is raised or leweredp and an overLapping sweep is taken in the oppoisite direction. 

This process is repeated continnoasly. Shoald a ncbuloijs-looking object be noticed, the comet^hnnter must look in 
his catalogue of nebuJR to see if the object oao be identified. If not, hs should draw a carqfu] sketch of itq poilcien 
amung the neighbouring stars. If in the oeurse of tima any movemant can ba detected, and the place of tha sus¬ 
pected object does not agree with that of any known cairiBt, its position should be dDtermined ob aceumtely os teeani 
will allow, and a telegrain giving particulars shoqld be sent to Clreenwieh {or the corresponding) Qbeervatory, 

ObS^rviDg Transits.—There are four contacts : ^xUrtial c^niacif at ingre^a and egre&s, La., entering or leaving 
the Bun's or plane£.*a limb; and mfarnfj^, when SB baring completely on or beginning to depart Emm, the d.JK'. 

7^ Ml&ek Drffpt at internal contact when Venus (^ametimes Mercury) is jast touehing the Bun^s limb, is a 
enrioas drawing-out of the planet's black disc to the Bun'a limb, in abroad banil or ligm-ture^ which gives it thcapp««ar- 
once of b dr-op of black ink hanging intoruaLly from the Sun's limb. In a few Baconds ths band oontractSi then breaks ; 
this rend ore ths inatant of internal contact uncertain. A very narrow brilliant circla of light is eometifnqs acea aur- 
roanding Yciius near Erat and lost contacta; it is probably due to sunlight refracted by her attnosphera. 

Observing Neblite—TheaR faint cbjectsToselfioat light by atmoiphario absorption when near thcEcnltk, hsneq 
those showing a preference for the Galactio plSnUe atire moat favourably situated when the illEky Way Ik nearly overhead^ 
bnt thr>ae showing a preference for the Gotactie polea, when the Milky Way ][oa near the horizon, Suitable timei for 
ohaervation can bo found by the notoa on p. 11, along with the Tablo of Sidereal Tioio on p.iiv. 

Obserrlng- Esj-thshine.—The degree of viaibilitry of theontlinfM of the Maria, and of Aristorchua, Copi^rnicoa, 
and ether prominent craters^ adbrds a good index of the state of the atmesphem The th^mometer and barometer rsiud- 
iDg4^ and direction of the wind should bo noted, as meteorological eonditiona have some Lndnen^ on the brightaesfi. 

Ol>&0rv1ngf MoV^.^The foUowing changes generally gqcur in the spectra and colour; thare may be considerabl* 
variations from the normal aome staged misving, and mdividua] pecaliarities. I.A.D. Notation {IS23, 1^2@) below, 


1. ConciQDouji spectrum i . White 

S. Hydrogun Linaa doubln: bright & dark linos; „ 

3. Linas widon ; continuQUB Bpanimrn fodeo- 

4. Nebula, hues apirtar: ... ... VelLciw 


S. Btar now a planetary nebtbk, 
& Nebula ImBB fada; spectninr 
now faintly contianouHt 
bright W olf- Hay et tuuids. 


Hydrogen lines brightau up ; Red 
GL BydrugBO lines, fade: ... QratigC 
7- Nebuk lines more promiEianE 

than hydi^jigen ones, BlLtish 
Qa; abaarption lioea and bright bonda (faint), qh; etmuger abeorp. linea (mainly enbam^ metalliOr many doahlej and bright 
hands. Qe ; absorption metailia Vwm of 0^ enhanced metallLU linds pruduminatiLig. Qd ; «i (jc, but gasBouB: hc^ predom- 
inatjug, Qu; brood nebnlous emission bands near ^^3450^ +510^ 4640. Qs; bright bands (enhauMd J/c); abBorption Unea I'akct 
Qy; u Qe, bright itebujor hando. Q.z; bright nebular and weak Wolf-Rayet handA, Qz Ob', os Qz, Wulf-RayEt l^ond^ strong. 
OenkbinaLion spectra Lndieated by domblmng the ifmAir iBtUrq, plaring tha most pmeninent ^rst. 


* SwC&atttuei JrA-I^P —.Julian Aatr^ofiiE-ni DaTi 
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ObservlDff from radLanti witbia or near thfl circle of the * alwftjB-aeen * itmra ol anj locality 

are obsiervabEe a]I oight^ more or Icsa^ but the obser^ingf in.terv:al ahorteiia m the diatancq from tlmt circle increaijefi, 
Tintilj for thft more remote, Hbocild the cnlmination-beur be many lioari aft^r midnight^ tkftflho'irer is neTcr obsErvabJo 
from that latitude eiceept for a t&w houra before aunrisQ. Thua the November Leonid sbo^cr is -ODly a morning one 
as the radifkiit onlminatee about £a.m., aad only risen about midnight, Some metcorH from a radLant juBt below 
the horizon may b# TiFtib^e, however. The possible observiDg-honra can be fonndi frani the atar Table on page lav. 
The follo^ng aro ths important pointfl tq note j—DatcT ■Greenwich Mean Tinoo (G.M. T., U»T.) of appearance 
R. A. and Dee. of beginning and end of flight, and darAticn in seoonda; csolcnr and stcllftr magnitude, stAtlng comparison 
star; path, if straight or wavy; streak or train, if any^ and the colonr> duration^ direction and speed of driftj 
any other notoa. A -i^ranA is the faint, phoaphor-escent niarrow band, iometimOia colourod, which endoree fot a 
time along tb* path ol eoine meteors : a ^rain, a spark-like and uiually qolokly-difiappeariiag apps-ndage^ The Il,A, 
should be atatod in degreea (see conTersion Table below), and the obBervatioii communicated to the Director^ Meteor 
Section of the British AstroQomieaL Awod&tion, London, or to the American Meteor SDcictyK ':aijjundg-e, AIsjUp 
F or counting aeconds^ the well-knowo photographic rule ^One, two, tbree^ OUB; One, twoy three, two; &c,', pTio- 
HOD Deed rapidly bat distiiadtly, givea very near re^mltL 

List^of Importaat Showers.—The liediant jVMition may change a degree or two oh succcssItc daya, and a 
look-out ahould be kept before and after the datei givsn, a.}^ leap year adjuatmenta cause small variationa. For 
H Radiant on Breiy night of the year, see R.A.A. Handbook, 1EJ22; aiid flat of lOOO radiants, Mem. E.A.S.^ toL 55. 
Tb.fr edgnm bakl*d 'CuL^ giTH thi Radiuit'a a^proiiinatfr hfriir ef mlmuutkra tm tbe ofr'ctral dAt*. dfiD^Ung am,.; *p' p.m. 
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44 TfT^ CA^E lATZ) (FSE THE TELESCOPE. 

Ob^efTing' Aurorae (tee ako p. TboAO in (sifour&bk JfttibndM BhguUJ witcb during the more aotSve portion 

of the Biinapot. period, or when there ii couiwlerftble eoler aetiTit^t ffflpticiitlly near the Equiooxea^ 

ji™ nud Samit atreE«h acnOM the bItj, and mtif have isgufliderablc peHititouiSo; the latter appear like porlionf 
of area, Ea^t ct iCreamera ftcem to flicker, and aro more or lofla ridial to the band or arc j EifUna are long bright 
ray a, o( ^xquuito green or red^ like search-Uglit* CurtaxTiM hivo carioua oouvolutkoa, and ar^ more or lesi partlleJ 
to t!i$ horiEonp the loiter edge being molt continuoui. are isolated ovtd or globular Eireai riaemhling faint but 

quite traniipareiit clouda, A^^rorm are large ariira^, otten oolouredp with no deflnlte outline, Coronat^ rarr, but 

exewdingly fine, are large etarfiah-aEiaped ovala^ with dark centre, from whieb bdght narrow flickering bfctida may ex¬ 
tend to the horizon. The t)ark id tihfl gloomy portion of tba aky baneatli tbe arch or streamerfl^ in which the 

etar^ may bu banJly or not at all yisiblo. Varioua typee may ba Seen durlliqr a dilplay, 

Tn N. temporate latitudea^ tha oentre of dirturbance ia in a northerly direcL-ion—not nectaaarily in the direction 
of tha magnotic pola, as \& often supposed; a patch, arc, or corona may be overhead, or oven lontli of iL Raya oTtea 
appear to flaali or dicker^ and in ar^ and bands a flickering from aide to ^ide is aometiiDes teen—not always Id the fame 
direction—and portions may suddenly brighten up and become eeuErea from which the diaenrbances appi^ar to trateJ^ 
The ebiof pointa to notice aro the type, colour, brightneM aa compared with the Milky Way^ h&ight of lower edge 
above the horizon, and width; direotinn of the centra of the disturbance (allow for 'magnetio Tariation’ o( the compass), 
and timea -of the Tarioua phases^ Also note the barotueterand tliernaomotcrrGad.inga, and direction and force of the wind. 
The angular breadth aad length of peruistent arcs, bands, and pn-tchea^ should be carefully gauged by referenoB 
to the distance between nf^ighbourlng stare; also the angular distance, from well-known stars, of the upper and lower 
edgea The netea should be repeated at intervals, the tum^ being carefully noted, as the height and dmtanoe of the 
aurora might be calculated from ainiulianceug obi^n'ations (send notes to tho B. A Ar, Auroi^ ISectico, London). 


VII. THE CARE AND USE OF THE TELESCOPE. 

Astronomical T-sIascop&S ^ro q£ two kinda—refracting and reflecting. Both Tarletiea are rated acoording to th^ir 
^aperture,^ ZbS th o efs^er d i amater of tho large lens in refracting tele^qopca, or of the mirror in reflectttLg telescopes, is called. 

The larger the aperLure, the mors powerful tho teleai?ope in ^ligbt-gntbering' power, In renderiug visibls faint 
ebjecta; and^ aa this power (thsoretlcaLly) increassa in proportioii to the ^^T-isne of the diameter, a telcECcpt^ of 3 inches 
aperture U twJoe aa powerful as one uf 3 inches, while a l-ioeh has nearly twice the power of a ^-inch, or four tEmea 
that qf a 2-inch (actual ratios, -i, S, In refractors, however, the theoretical power falls off rapidly with in-creasing 
diameter, the ever-thiokening objaot^glaw absorbing more and more lights though reflectors under 10 ins. are not quite 
so powerful aa refractors of equal lisa. For astronomical purposes, a 3-ijaeh telHoope is about the smallest that can be 
used with saibfaction, though pleaiiiiig tlcwb of many objects may be obtained with smaller tele^opesof good qaaljty. 

Diim. Olw(ctmf ap^turtjllfL IJjtL 3in. 34in. Sin. S^in. iia, 44in. Sin, Cm, gin, 10ia 12m. 

CUMiS (aptpr^.) 5^04" 2‘iS"' V^r l‘t2" 12^ 1-14'^ l-Ol" Q'lC' 

Eainteti Miar f ,, Jnug. 0^ 10^6 110 114 ll'? 120 123 li'& 12^ 136 14^ 144 

THE REPRACTOH asBantially consists of two eouTex lense&—(i) a large one of considerable focal lengthy known 
as tha which forms at its focaa an image of the distant ^tAT or Other object^ and (il) a imall lens of much 

shortor focal length ; this la called the and IS used to magnify the image formed hy the object glass. 

The Object OlOss is the most important part of the refractor, as its eKoellenoe dependi on the n^curacy of the 
curves nf the lentes, the highDeot of their polish, and their transparency. In all astronoTnicaJ telescopes worthy of 
the nanift, the object gliwft ii 'achromatic^; that is to aay*it iscompoaed o( two (scmetimes three) Isnaes of equal size, 
bat madfi of glasses of diffbrsnt density. These are so proportioned os bo form an image almost free from the false 
coloare which are ins^tablj pr^ent wlifin a bright object is riewed through an cbj-ect glass consisting of a single lens. 
A good objEct gisiss requires to he treated wltii the most scrapulous care. Follow carefully the notes on p. 49. 

THE REFLECTOR- —In this form of tolescope a larga, concave, parabotic-curved mirror takee the place of th# 
object glASA of the refractor; The targe mirror it held in a cell at the lo^^r end of the large tube. The rays of light 
from the object paa't down ths tube and are reftoctad back. The reflaeted, convergent rays are intercepted^ 

(1) In the ^l^awtoniau' lortn of talcscope, nithor by a smiklL elliptica], plane mirror (^flat*), or by a right-angled 

totally-reflecting prism, which reflects them at right angles throngh the side of the telescope to the eya-pisee. 

(2) In the 'Caisegrainian*' forra^ by a small convex mirror, which reflects them Wk again, through a hole tn the 

centre of the large mirmr to ths eyepiece; or (3) in th? 'Gregonan^ form, by a amaU concave mirror. 

The Nawtonian and Casscgralnian forms. Like refractors, give an Inverted images the Gregorian, an er6ct imageL 
The CassograiniBu form gives b greaLer focal length and larger image than Kewtonians of Ehe Htniie apertnre and lengthy 
but its fifllil of view is. smaller and the image fainter. Great teleecopee are .mine timea desEgnEd to urp both forms. 

.Mitmra ore usually made of glow, on which a fllm or silver Is depnaitad chemicaJly ; this is very eBallv tarnished (p. 4Sih aud 
vapcii^ aluiuitiium is now often used, which is about na efficiont as frush ffilvor, Lasts years with little dctjehorntioii-, and reflects 
the ultra-violet raya and bluo end of the spectrum licttaj'—of grwit adVATitage photogTaphioally—but tho red and infra-red rays 
leas efflcieatly, Stainloss Steel mirrnre Loat woll, bait only give CSJJ efficiency, comptiriMi with the SOji nverOtlfl <5f freah silver. 

An llElslSverad glass mirror and ‘flat ’—which redllOB Lhn sunlight and heat reflected by some —mmble solar observatioos 

Ir be mode with, fiurly large apertures, givina improved deflnUion ; u dark glasB or solar oyf^iscc, however, is still nerfeiaary* 










THE CARE A^VD USE OF TEE TELE^WOPK 


ib 

—Th<?8e are iiMsd to lOa^aify the image farm&d hj tho objeet-glaes or the large mirror. For veij high 
powers, and in ipMial caaea, aainglR Ls ftometimea qaad to minimiM loaa of light, but generally en eye-pieeg 
Donai^ta of t*ro lensea—a Field lens, further from th* eye; aud ao Eyi hns, nearest the eje, TJiase are mounted it 
ft short tnbfl T?hich screwB or, prefombly, alips St to th* focUMiug-l-nbo of the telescope. 

Po^itiYe and Negative Eye-pie&es.—Fye-piECrai tro of ivo types:—in wiiich the itnage-pljuie ia 
oiitfiidet.be eye-piece—3 mL ftfccn ft and the object-glii* or mirror—so that it ean bn qjiefi with a iDTcrom^-ter (1) 
which cftnnet bn employed with a mirrometer^ oa the image-plane lies inside liiB oje-piK#. 

Inverted ImaE'^.—All aatmnomiMtl eye-pLecea show the objoct inverted (unJi-iM used with GrogorianaX bet this 
19 of no disadvantage in praotice. To make the object appear tight way np requires additicmal lenscB, or prUnia, whiuh 
absorb lights making the i cna^ Mu ter with no compensating gaJ n. Among many varieties of eye-pieces ate- the:— 

Huy^eniim eye-pieoe (nGgativejL—The mo«t common form, two plauo-coovsi lenses having thetr flat jmrfaCEB towards the 
aye, T^ote that^ though negntiva, fine c™a-wife^ carj be ififlertal on Its diaphragm, me the focui of the eye Isna, for use in 
m ^ fiodar (p. 43), or for guiding ^ in c^leetial phetegraphy—iteiiig cementi or threading through small holes. 

Rmnsden sys-pioco {poaitive),—Two plaDO^OOUVCE lenses with tbedr plmne fsoea outwanl Ftsltl of vitw “flatter^ than that 
of the Huj^geDian, it-r not so blurred round the odgos whon the centns i* sharply focussed. Performs well on p3atiot*B% 
ToUcs Solid Oeulmx" (negatiTfl) ia practically a rTuygEnian oye-pieco mafia out of a itngte glws cylinder, the foci of its 
curvad ends falliDg Ehside it Trariauiita mote light tlian the Huygenian, jmd gira vsry good dt.->fltiitiob when well mads. 
Dithoftcopie flya-pieoa fpooitivo) co-ntftina * triple fioM lonit and ft simple eye Jena Tt yields a flat field froe fi?oni dimtertiou, 
and iaapeciatly rewmmended for medium and high powEra. ('Ortboacot?i&^ meims gsvinf a correct imng^) 

Kcitoer eye-pi«.e (positive). A oonvei OP plftno-flonves Ssld lens with a much amAHor oirtr-corrected jjIftno-convEi achro¬ 
matic eye lene^ Field very lar^ colourleaa, and ^orthoooopiu'; low powers lire suite bio for comets and scatteitd objected 
Manocemtrfo eye^pieoe (poaitlVBj.—A triple cameaitad lens, partiiOdJarly iCCommobdcd for the OTLtlcal study of lunar and 
plftuetaxy dstaih a* it givw eiquirite dEfiuttion, and freedom from + gbosta^ its small field is its weak point 
B&rkw iMna,—A EoncaTo or coaciavonm^piflcus lena of al^iiit 3 iuchcs negfttire foed Ic-ngth, raounted in a short tuba—mAds 
a sliding fit^ijuslde the flja-piece draw-tube, and placed betwcEo the objective and erCh-pisce, 4 or S ins. firora the eye-piEca 
Tt increwwg couaidorablj th& focal length of ths objcct-glftSd or tnirror, giving an image of double tbe euseh more or Lees, 
■ooording to ita disUiuce fmm the eye^pifejasi Thi* valiiabie device, at the cost of a slight, loss of lights and a tendency to form 
• ghosts/ gives a flatter field and An inereaM of the pownni of all eye-pieces UAed, thue doubling the set at small anwDFn?. 
The magnifyIngr power of a telescope dopotad? entirely upon the ratio of the focal lecigtli {/^) of tbe objeot^ 
^laaa to tbai of theeye-picce (/J, the formula being/, -e-/j ; thoa, with an objecb-glasa of imclica focal length, and 
an eye-piEca having a focal length of i inch, the magnify Leg power will he T2 dLamotors, or power 72 " as it is tennsd- 
Note tbftt, fta the- power is increased; {a) tko Image gets fainter, and thoartii included leas ; (6)st*r5paaa more quickly 
Mrcaa the flEld ; and (s) the atmospheric disturbances are alao m&gnifled, as well as any vibr&tionj? of tbs= stand or ground. 
It is advisablo to have at IcASt three eye-pieaes of diffarent power :— 

[l)u One of low power with a Urge ** field,'’ (that U, showing a considerable arafc of tbe sky), for viewing comets^ laF^gs And 
acftttersd Elustera, and avtendsd nobols, magnifyuig 8 or 10 timaa per inch of aportiLrtL Thui, cm a 3 Lm talwcopo 
the power unay b« fi^m S& to 30, oi^ for a 4-inob, 33 to 40, For average eyea^ aperture x 4 gives UBefol power, 
(B), One of moderate power, mAgnifying SS Or 30 times to Oftch inch of apartura = 7&-100 for a S-inch^ 100-ISO for a Irinch. 
(3), One of hiigh power, toagaif^ing 00 or 00 tiniflu to each inch of Aperture —1&3-160 „ „ 

When feiporience has been gained, the observer nuAy som&timea use eye-pieces of still higher powers—^the eatreme 
limit of useful power b&ing about 1CK3 diamotere p«r inch of aperture—but, as a rule, to advantage only on oloee double 
fttars when tbe teJeacope is of fine quality, and atmoapheric conditions tnoet favourable. Such nights ar? very rare, 
To find Foc^l Lon^fths-—(«) O^jn^st-glast or Afirror^ llemgve tbu &ye-piece and stretch a piece of Bemi-traneparent 
paper over the and of the draw^uba. Point the telewope at the Moon, and focus her image on the paper Bcreen j the 
m&asured distanea between the back of the- object-glaaa and the fleraen—in Newtonians^ hetween the ceutreB of the 
BurfacoB of the large mirror and flat, aod thence to the screen—Ls,. for practical purposefi, the focal length required. 

(6) AytfsiMs,—Divide twice th* preduet of the focal lengths of the two lenses by the sum of their 

focal IcDgtbfl ; the quotient is the focal l&ngth of an equivalent single leofl."^ 

To Bud the Pow&r of an Eye-pie&a.—Make a scale with plainly-marked equal divisions. Set this up at ft 
considerable diataneo ftway, and, holding both eyes opeu, view the scale tb rough the taleaoope with one eye and 
directly with the other. The number of diviaionH on the Bcale, covered by the maguified Image of one of them, U 
tqual to the magnifying power of the oye-piece need. For low powera, a diatanb brick wall will serve oa a scale. 

Another method.^—-F oops the teleacope on a star. Next murningj -wicbout altering the focus, point the telescope 
to the bright sky. When the eyo ie placed about 10 inch&A behind the ayc-piooo, thcru wUl be seen n email, cleftrly- 
dehned disc cf light Mesflure tbe diameter of this disc by mcjios of a ^rthon DynAmometor (gee iTJplacfld 
the eye-piecfi—a pocket Icttb, of low power, abuiild be UBed as an aid in doing this, The magnifying power 
the oyo-piece Ib foniad by dividing the clear diameter of the object glftsa by the measured diameter of tbe bright imAg^ 
To find thfl Disirneter of tho Field of an eye-piece, obaerve how iQvg a star Bituftted near the equator (for 
iTiAtance,. S Orion la, or y VirginSs) faikoH to pass centrally flcrofl?i the field from one aide to the other. This time, eipraRsod 
in minutp-i fto J SECouds^ when multiplied by 15, will give the diameter of the field in minutes and BMOoda of arc, 

■ yi' iiEn tilt dtjlftoev *pa.Tt of tli* IcitMM d ii wjuaJ ta Wi tti* i-uin of lli^lr fodal It&jtliM, (/, -f-J hI-t^ • ihv ^ /, x/j 

W.F. A. kIliiCib pfftBti flat mm tkiii dbfcuM ia act ■iwmji kv^ toj tJw Domcot fortpitlm fnf piU wnblmtiiNU la :—/ -vt™ l-ningm= 
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T^E OARE A.yn USE OF TEE TELESCOPE 


TESTS. 

Thfl dctnal porforrajwiw of a teteftcopa on 4 o&lwc.;al obj^til if the only redly aatiatactoiry tait. Seen thmoQfh n 
tdcMopo boariiig itfl MffliCBli powafi a fiJtad qf tlitt aecond magnitodo should appear aa a minute, well-defined, 
oiraniar diw of light, almdfit a point, and F3iirruu Elded by one or two thin, oonoentric^ bright ring?, lliore ^onld be 
no ray* of tigliti and the rest of the Hold ebould be uniformly dark. The teSe&sepa should not, Lowevetj bo con¬ 
demned tqq baatily, A 4 an inferior eyfrpi&ee, or the itato ol tbe ti.it (see p. 39fd may be roaponsible fot apparent defcoca 
Ln the objedtr glftw. X. cioae dooblo star with Tnry untHjual components forms a most kto™ teaL A toleBcape of the 
finest qiinlitj shnald separate a doable, conalating of two Cth magnitude star?, whose distance from centum to eontre m 
aeeondi of arc ia L^nal to 4-5S divided by the aperture eipreased in incht*, (see Table p. 44)* 


A C C E S S 0 HI E S. 

StfindH-—Much depends upon the rigidity oE the telescope acand, and good obserraiiDni muit not be expected 
froEu the open window of an ordLtuyry reom^ as the Tibration of the fioor, and the mixed currents of air, set thf 

object being riewed dancingi Jor Hmall toleacopes, the ordLn&iy, alt-azimath, tripod 
garden atand moat cqnvoiilQnL An iron pipe of about 4 inehee diameter, partly 
Sank ia the ground, and rammed full of clay ^ dosden vibration^ forma a good support 
for a telescope of moderate iitCr 

The Eqnatorlal Stand h of eEsarmous advantage, but is rather expensive. It bsj 
one of the pivots, or axes, which carrier the telescope, directed towards the celestial pole, 
(being adjustable for latitude). The result is that a star nsay be followed by a single 
CLKnilar maTcmBiit of the telescope, instead of the InBlmmcnt ha-ring to be moved both 
In altitndB sjid aximuth. A make-shift is to icrew to the itand top a wooden block cut 
off at an angle, aa shown in the illustratioti (A), and which hap a T-groove, with sides at 
an angle of fiO", cut along the inclined focc-^ for receiving the pillar. The clew legs of the 
stands folded up, will act m a counterpoise, and two or three screw cUmpe will keep the 
pillar firiQ^ A piccB ol hard wood (net shewn in th& illuijtration)^also V-grooved, ahonld 
ha interposed between the point of the screws and the pallar, to prevent damage when 
tightening up the screws. A somewhat simpler coostruction is to binge this upper block 
at one side to the lower block, and pass the screws threngh. both blccki at the other 
ajide, ae ahown in the illnatratioii at 

angle of ths slopuig top, from the vertf^i, must be tbt latitude of the observer subtracted from 9Q". Thus, 
for Jatitnde B2" it will bo 90' -62" =33% 

Finder^—A finder is a small teioscopo flxfed by supports to the body of the larger ipatmnjent. When high 
powers arff used, this adjunct is a neoeMity, and in all cases it adds much tg the camfort of observing. The finder 
may he roughly adjusted, by day on a distant wgathcr-oock or sumB other definite object. To improve the ad jus bment^ 
bring the polar star into the centre of tba field of a low power eye~piece on the large telescope ; then alter the direc¬ 
tion of the finder, by means of the adjusting flcrBwa, until Lhe Attif image is in tbs centre of the field of the teleeccpe, 
and also bissctjsd by th-e cross wiree of the finder ac the same moment. Wow replace the low-power eyn-picce by ona 
of high pQwer^ and. perfect the adjuatments in the same way. For Email telescopes np to 3-ineh] 'sights’ Aimilar to 
tboee on cifiei can be arranged (painted wblte)^ which will be found ef some service. 

□flW--CEip^—To guard againat tha deposition of dew on the object glass, make a tube of th), cardboard, or loma 
inch macerial, about 9 inches or 1 foot of such a diameEgr as to fit closely, but not tcc lightly, on to the 

object glass end of the tube. The inside of the dew-cap should be covered with black velvet, or painted with a 
mixture of lamp-bEack and fixe. Black blotting paper Is ul^ suitable. 




Star DSaganal—An L-shapad tube couUiuLug a right-angled totally-i afiectin^ prism. One imd of the fiuing 
screws into tbe focussing-tuba o! the refractgr, while the other end is screwed to receive an ordinary eyepiece. Its uu 
prevent^ awkward pciitioos of Lhe body when viewing objccte at high aliiludea, but results in some Ion of light and 
ieBnitiou, A special diagonal ii made for thi Sun, which only rfrouLres a light shade glass («ee note on p.49}. 
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Bdrthon^a Djnampmet^F (or m^aauripff B^ug^) is » little iDstrument used for mcASTaring the diiiBflt&n of 
■m^l] objeat4i. It hu two ^t metal the internai itraight edgie? of which, m^t towards the end, and aremolined 

ta «Ach other at. a small angle. One of the idgea u graduated from Q to of aa iack The flg^arei dd the icaie 
denote the width of the gap between the two gtraigbt 
edges. To measure the diameter of anj lauLil object 
hj mnans of thifl litljJe s^ppHanoe, it ia onlj nscesiary 
te see at what part of the scale the object juit £ba 
the ipaca hEftween the infccriia.1 edges of the gaugOp 
and then take the readijig from ths icalfl. The 
■oalfl ii divided into 30 long divkionr el '01 or l/lOOthsef an inch. These are rabdivided into five parti, each equal to 
■002 or I/500thj of an Inch, Tliaiirittwe long diviaionB are again diyided into part* equal <301 or l/lOOOthaof an Inch. 

Tfllssoope HouaO-—A tail felding clothes-horae, with a sheet fiied to it, and stayed bj tont-mopea, forms a fair 
inhatUuts^ which willj to some eitent, shield the telescope from Tibration by the wind* and add to the observsr's comforc. 


TO COWSTRUCT A SIMPLE EQUATOBIAL OB ALT-AEIMUTH STAND. 

Bt folia wing the direoblonii and aliudybig tbs diagmina givsn^ any handy amateur, with the aid of n few elmple tools^ 
will bi able at a very low cost to construct an eSlcicut equatorial or alt-aai cnuth stand for a 3-inoh or amnller refract- 
LDg If mada go a Imrgsr sDals and of oocisiderabty tkickor macerials^ the equatorial head bene described^ 

mounted an ihortp atroag, dsL^d lega^ would do aqnaLlj wall tor a ToUdoting telescope of modamte mizo. 

The Lagrs. —Takq 3 deal hoards about 5 to 6^ feat long^ 5inches wide, and I inch thick. Mark a pomt 2 inches 
from an edgfl ai ona end of the hoard, and onather point 3 Incbei from tho same e^go at the other end. Join the 
points found with a straight line and law along ik This will divldt the board into two equal tat piecee^ ench 1 Inch 
thick, Slid! tapering ^^Bln 3 to 3 incUea in width. These two pisoes are joined together at diataacM of ! inch and 
9 inches from the narrow bottom end by l^incb screws (I^o. ^ or No. ID^ about inch diameter)^ The two l&ths 
are kept apart by blocks of hardwood cot from a piece having a 3 Inch square SESotlon, and held in place by acrews. 
Thus the leg ia formed ae shown in Fig. which Is on a laalo three time^ less than that ot Figs, 2, 3 and 4. The 
laths ilioald not be screwed tegHther ucitit the brans platea mentioned later a a have been fitted. A metal plate (p) 
eawn ar ^ied. to a blnut point, may be screwsd to the dde of the foot, with the point prajoatlng. 

Thft Top of tbL0 Stand-—This is hpst made frotn au iron casting, for which a wooden pattern will he rBqoired. 
The pattern Is made of {-inch maboganj fretiwood^ cot to the shape shewn in Fig. 3, and atrengthened by having 
a 4-iiich boT&llgd disc of the came material glaed and aura wed od to so that the centraJ port ii ^ inch thick. Each 
of the three proj acting parts of the caating ii 
either drlHed with two ^-ineb holes^ each ^iDch 
distant from tlie 3-inch edge, to receive j-Snoh 
bolta, or, as an alternative^ -^^-inoh halos may 
ba drilled, and tappad |-inch Whitworth to 
nceiva metal screws. A J-inah hole is drilled 
through the exact centre of the dUe, Instead 
of the casting, a piece of tough, hardwcod^ 
anch as beech, cut Bo tha tama shape, but at 
least 1 J-inchaii thick, may be ased. 

The Legr Pivots.—Cut a 12-meli length 
of |-lDch sguore braas bar into three equal pieces- 
Tn a latha^ tiirn half^an-inch at each end into 
a blunted cone (C, 2), the small outer end 

being f-inch in diamoter. If na laths, file tha 
end-t tG tha same shape as carefuLLy as possible. 

These bani are now dnllsd with J-inah holes to 
correspond to the hole* in ^e top, aud are then 
acrawed or bo! ted toth e underairie of the iron top. 

The Hfn^e PlalfiS —To the top inner *lde, ind towards the haqk of each of the laths forming tha legs, Is firmly 
■crewed a fiat,, brasi plate, 4 inchsa long, I inch wide and thick (Fig. 2t and side view), Tha plate is Iluah 

■with the top of the leg» which ia mnnded off at the outar top comer, and has in it near the top a j-ineb hole slfghtlj 
enlarged, and coned to fit over the conical pimi at Oh B is a i-iuch bolt ^ inches long, having a nut, baaritig gb 
a waaher, wkicb nut on being screwad up makes the hinge firm, and mdjuatabla lot wear. 
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EQUATOJtlAL STA2\^D. 

Tha Uea^(Fig. 3),—For this lomo piow ul unit *r itrocg hftrdi*«id « full inch thiok art raquircd 

Th^ bwfl h airoiil^rp ^nd eentra-Ily fixed bj icrewa in ■ rmcd^ Lb tho b^ttonip & piatfl with r f-inoh httwort 
tapped bolcp to reeeiTe m screw wbioli ckflipi^ the bead to tba ttAad. This plAte might be fixed in a recess on ths 
uppor-Aiite the roniiil baie before the Angle pieM oext reforred Lo is fixed in position. 

Fixed to tha Uas* is the trapeioidor ingle pLeoe of Idncb iracul (T). Strong glua and l^ J-ineb Ko, 12 Bcrew» should 
be used for fixing the parts. Th* top of this piece mutt he cut off at suuh a slope that the angle which it midteft with the 
base is aqual to the latitude of the place where tbo stand ii to ba used. A. piecs of wood S in, x 3 in. >c 1 in. is screwed 
to the top of ths Lnipeaoid piaMj and the wbote U atrengthoned adding the side pieced (R) whiob are 1 ineb square. 

Th& PolftJ’ Axl^ (P) ii mad* of bri^bt mild steel round rod, ^-inoh in diameter and 1inches long. This steel 
ji easLIj obLAiiuible at large itool and materiat stoted, Tli* upper end of the polar uii (PJ ia drii^eu into a rather 
smaller bole in tbe block (Y) which is of hardwood fi inches Icui^ by 2 inebea square, Care muet be tahen to make 
diis hole at right angles to the block, A ^iuch hole is drilled through block aud udi^ and a bolt inserted. 

The Befirlngr^ (i* bs simpEy holes (| -mch) in the hard weed blocks^ with a simple split arrangoaient for 

taking up wear ; Lot it 19 more satbtnctory bo enlarge and square (slightly undercutting) the grestar part of each hole, 
and, with the axis La place, to pour ia melted tin or pi pa compaaition (lead and tin) to form more durable be*Tinga. 
Beforo pouring the lead, coat the axis with a mixture of black lead aud water and allow it to dry. Ifi when all is 
oold, the axU cannot be twisted roundp when oilsd, it should bs hammered endways with a mallet. If there ta 

eLiii traubicfc cut with au old saw along the dotted line (Fig, Ij, through wood and beariag'metal down to the axis. 
The upper halvei of the split bearings can then be held in piano by aerews. Stmilariy for the bearings (y^ y)^ 

Th® DaclinfitlOf^ Axis (I^J, another | inch steel rod, about 14 inches loog^ ia fixed, like ihe polar axi«^ at right 
angles in an 8 in-ches long, 2 inchetaquarn bltvcfc, grooved for its whole length on one side to rsfieivethe fceloacop* main 
tube (A). The taleaoopa is fixed to the block by means of leather stmpi or thin metal bands. Thin f-inoh mfitsl 
wubers are placed b&tweon the blocks and the uppar bsirings of both axes. The balanoe-weight or oounterpoiss (w) 
jM formedof a small round tin filled with laid, in which a piece of tuba that just afidos ever the axis has i>aeii ceBtrally 
fixed before the molten lead ia poured Ihh The weight i# so sjdjuetod thaL it wiU eoaoCeracb any tendency of the 
telesfiope to swing round by ita own weight on the polar axis. It would be quite possible to fit graduated niroles to 
this simple htiad. Celluloid circles can be obtained cheaply, and could be mounted on wooden diats of tha same siw 
^an addition which, with a e&refully a^ijusted stand, wiU Diake possible the fluding of Mercnry and Yenus in bright 
daylight and of stars by night (mni tha placei given in catalogues. But, bvbu without circles, the advantage of being 
able to watch a star by only oas movement will bo found to ha a great one. 

Alt-azlmutb Head.—For thtj ouly the puri^ A, D„ Y, W (Fig. 3) am required. The polar axis P is reptawd 
by a j-inch bolt which p^ses vartioutly and without shake through the central hole ia the metal liop of the tripod. 
A fiat brass plate is screweJ to, and protects from wear^ the lower aide of the block Y, which reits boriiontelly upon, 
and can be turned in ajlmuth about, the metal top. Tuni or scrape tha top fiat| anrl grease with vagoiine. 

the Equatorial Stand.—The completed stand i* sot up so that the top of tbu stand h leveh with 
oue of the log* of tba tripod placed towards the south, and with the legs set well apart. Three strong cords of equal 
length should bo made taut, ona oud of each to a central rLng and tha other end to a screw ring, fixed in the central 
croM-piaoe of each log] this ia a pi^oautiou agalns-t & possible accident. 

The telescopa tube is next set as nearly av possible parallel to tha polar axis, and then, having slightly loose nod 
the clampEng eerew, it wiU be *a Sclent, if no graduated circle* are uMd, to gmduaiiy turn thr equatorial bsxd E.iU 
(in tha Korthern Homkphere) the Pole Btar U Men in the field of view. The head U then clamped. Any alight 
adjustment in latitude required may be made by moving Lhe aouthera leg of the tripod cithsr inwarda or outwards. 
An altemativo to tha cords, which also renders the irtand more rigid, is the addition of three 
stretcher bars, each mitde of two parallel matal strips, fixed f-lncb apart, acd riveted to e ehort 
orosii-piece at one end^ and to the flap of u firm hinge at the other. The other hEogu-Elap is sc re wed 
to the tsutml oroaa-piflce of the leg, os ahown in the tlluitratiom A |-iBoh bolt with a wing nut (c) 
passes through the thrse slola, and clamps the bara together. 

When graduated circles are fitted, a more Mcurat* adjustment of the equatorial head is 
necosaarv, if it is lo bs of practical uge. With a movable stand it Is w'sll tc havs soino nacaus of 
replacing it in the aams poBildon when one* it hskt been earefally adjusted, or much valuable time may be loflt m re- 
ofljnstiug it each night. Three stone slalis, or concraLr blonks, having ceucral gun-metal or brass plugs inaertedl, are 
vet ill the ground at the corners of an equilateral triangle equal in si» to the moat convenicTit leg boije. Each me Cal 
plug bos a hole or recess in tha top, in which roaLs the ptaviouily-m&ntioned metaJ spike attacbod to the low&r end of 
the leg. The adjustment of the head proper may be effected by meann of thin wedges under the head, or^ better, by 
three sgt&ws paagiug through the meUil top of the tripod and. bearing on the under side ol the base of the head, whmh 
should ha protected by a circular mEtal plate that re*ta on the point* of the adjusting screws. 












EQUATORIAL STA^"D 

Tbe true W, tow^aeda which the polar asia should km dir«ted m nearly aa poasiblej about 1" (two Moon 
brudthsi) digfaiit fro to Polaris, tiodl verj nearly on the straight line jomiug Polarii and t; trera Majoruf—the laat ntar 
m the tail of the &reat Eoar, If the time i? ghoMo when the Foie Bter tianiibs aboi^a cr below the pole (see 
and the telescope (aet u boforSp paralJe] to the polar aiia) it dlreistad towards the Pole etarj aO that k appearH in the 
oeni:™ of the fteld of view, theo a lowering or a raising of th« axis throiagh 1". by means of the sou them aJjueting 
icteWp will make the adjuattnenL auiEcienlty accurate for finding an cbj&ct when uaing an eye-pieco □£ low power* 


HINTS ON CLEANING. 

SofrADting Tfll&sccipB-—^A. good object glaaa i* fio delicately figcrad that it ahonld be cleaned w rarniT and 
carefully bb fNiBsiblt, for fear of afFt^ctiog the aooumcy of its form. (iSds 

The leiueB Bhonld neve-r be taken out of thedr cell by an inexperienced peraon. 

The object glasB should be held in its 0*11 with joat eufficien& ^‘■play ** for a slight mttl^ to be heard whan it ii 
gentlv shaken. II sore wed tip tightly, it caqs^a atraiios in the glaa^ which mar the perfect defijution. 

Rsfl^c^tln^ Telescope—The ailrered mirror reqnirea to be kept with very Bpocial care, a4 the lilvor U eiceed- 
InglT liable to tardiah, eepcoially in or n-sar large towiifl, from the Hulphuroua fames in th# air. The owner of m 
refleotiag taleseope ahould, therefore, procure atid study the ^*11inta on Hefleetoraj'^ which Lave been published by 
aeventl of the leading makers of thage inetnim-anta. 

A slight stain cau-RflH inB-raly at-n inconsiderable loss of lighlji bu.t^ if badly tiiniish!>d, Eihe mirroT must bo ro-SElversd. 
Fhis procenig niBy be BuccefialulJy accomplished by the ainatjeuri with little dilhculty, and at no great expense, If he 
oarelully foliows the diretEiions given in the bootB jutst referred to, and uses pure chemicals. 

Care of the Telosoop^^—Biifore reiDOving the telescope aitar the night's workt oofrer the object glasa or mirror 
with Lhe metAl ?aip proTided for that purpose. 

Never take the ingtnumciit from the cold outer air into a warm room, or the object glasB will become dewed. 
If this shonld happen^ the object glfws must not be left in that Btate; but it shoe Id be placed in a warm room, at a 
wife Lliatance from a fire^ until the moisture baa vBniBhcd^ Any staiDH left on the glass must be removed by gentle 
pohahing, Never wipe an object glBsa when iL ii damp. 

Cl the L3BS€S.—-When it becomes liCcaMary to dean these, any dust should first be removed by meaniof 

a ca 7 niitt-ha%r hruih. Then the leas should be wiped veiy gently with a piece of very flue and clean washdeathar or silk. 

Whflii not in use, all bcushes and materiale employed for this purpose abould be carefully protected from dust 
by keeping them in clean stoppered bottles or air-tight cases. 

Solar Eye-plOCeS.^Tbe vm of asUvured ar decply-K^oloured Barlow leas with an ordinary eyB-piece ia a Bnnple and eSMtavs 
way of redudeg tho Sun's light and beat. The chief ebjoction to the silvered lens ie that the fll m is bo ewily semtehsd. A Rpedal oolar 
d-flgoQfcl (Sir J. IIorechEraJ, in whkh only about ^th of the Sun's fight is reflected frocn thefli^t suHhoe of a narrow prism, kprooEu^ 
abln. With thia, the additicn of a light BhadG-glaBi ta DccfWffaiy. Sre Lltuatration in Procter's ifftfA th< TdiK^^f new edn, 

HelicBoop^, or Heh-OBcepe eye^piecee, dapEndlng upon polarizatinii, reduce the Sun's light safficiantlj'anabla a datk-glMa 
M be dispfittsid with, but they arc somewhat complicated and enpenalvo applisncM, 

Speetroscopea.—Small instnicnontB for vlowing Btallar spectra can be had st a ccmparatively low prire ; tb™ acrew 
on to or fit in the eye-piece tube, Thosa for viewLDg pramindticeSi, howayer, ara much more espeuftire, as the disperaiou required 
ia- ocinBi(iGrft.blOf and pricei are of the order of £7 (Sso) apwarda. It wo-nld be a great boon to amtttcBr aetroncmerf if eome 
entorprising crpttciiifi couJd bring out a satisfactcry iuRtrumeirit for half that bikUt cr leflaL 

Astronomical Photography^ —Anyone posMflftlng an equatorial telcs^iupe with a ulow wurm-whefil moticn cn the polar ixia, 
eau take good elellar (or comstory) negstivM in a box camem attached to the tuba of the telescope, uaing ordinary photo^phic 
lenfeCa of //6 or greater aperture, which ahanTd be carafully fucuaead by trial expoaurea < a driving clock u not eeeentieU though 
adTantagBoua. The Leicawvpe E^rvea ae a ■ guider/ a star teieg kept atnaJiJy cfi croes-wires in the eyapiere ; thcfls wire* can waily 
be sdded to a poaitive aynpicca by anyone aocustonied to use tooEa Erpoaorea are rethcr lengthy, from Bcme twcisty minutos 
upwards^to houra for faint atsj's—and require parimldd. 

Meat refractors are not very juiitahle for taking photographs of the Sun and Hoou in the taleficopo ttaelf, without &o eyepiece^ 
as they do not bring the isotinio and viaual raya to the camo focua, and thft sharpest positlo-n has to be foond by trial and errori 
Hoflactoi* are from tfaia disadvantAge, t\v> ^ pbcto-Tiaual' lefractorB | but tha latter are eipeuaire. The Mmu c4iii be 
token by a fixed totcoiiopfl, of crdijiafy fucal length, in abent J'BEonnd, bnt tha image is Btdall—in a 3-inoh, only J-incb dmmotAr. 

ThoBB d-DfiireciH of taking up this puratiit should prectire ' Aflt-ronomicfl.] Photography/ by Mr H. H, Watora, F.TiA_S,—a littla 
book which gives all needed informatiou on the aubject of apparatUi^ adjuatmeat^ erpofnire^ 

A Gsl'^tla.l Glob^, adjuBtable for Utituds^ ir9 usefijl for finding the diroctlob and altitude of i&renniry, CT a Comet, in twilighti 
aise >’he path of the S34idi^u^ Light, The atora are revereed aa r^ajde left and right on the glebei t^oanaa we view the atof 
sphfire £»m the ULsida, -and the glob« ix viewed frem the eutekle^ 
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ADJUSTMENTS OP A NEWTONIAN REFLECTOR. 

Thjc elliptical flat HiirrDr,. mcnnted in a ihort metal tube etiL off at gja angle of 45 " wstli it& aiijaj is eometiifiii^A 
BQppiprted in the centre of the main tnbe and toTrardi the upper eiaJ of it^ by a single mdlat arm fixed to the mside 
of the tnbe. More tiEqallj the sopport conaiata of three, Bomfitlmeg four^ ateel stiipa of Bprtn^j bemper fitted with 
larewc^d ends that p*Aa through holci In tha main tube, ontiide w^hich they are held firmly by mcEmg of nata, With 
the aid ol compasae* or a- scaled ruler eat the centre o-l the fiat mount-mg ^Ka^i\y in the centre of the tube, if ii ii 
not atrcBjdy go plfieacL 

Whan thu flat hag been eontred, ita incUnatlon mnat be adjusted so as to refiact a ray of light pajaing along the 
ana of the main tubs along the aiig of the eyepiece foeusaing tub^, Tliia must be done by meitDe of the arljustiug 
icrewB fitted to the flat mount. Som^timea these are thrae In number, but s better arrangc+niant ii a hiiignd flat 
mount with s aluglo angle-ftdjusdng acrew with & knurled head, and an axial screwed pin liinabling the flat to be 
partly rotated and clamped in position by means of a heavy knurled nut, 

A braafl diso-fittiDg, with a central hole about ^^in, in diameter, Ia acre wed or slid into the eyepiece draw-tuba 
in plflofl of the eyepiece- A special fitting, though convenient, is not mdkpouaablo, einoe the front part of tliL-indunt 
of an eyepioce of high power, with the lensea reEndv^d, will do well SiA a aubstitate. On looking through thia hole, 
there will be the eiraular end of the eyepie&e tube and with in it the flat with an apparently circular outline. 
If the flat ia appE^oKimately iwdjuatnd there will appeoTi within the circle of the fl&t, the cireular outline of tbe mirror 
and iU celL Aa a help to the eye, the Large mirror may he cnv&rEd with a white circular card of th* aame sjko aa 
tbo mirror- Then, by meann of the fiat adjaating icrewa, grtulBally tSit bhe flat utattL tha outline of the mirror (or 
carrlboard diao) ia canceotrlo with the eytipi^c^.tube circle. It may be neoesJiajy to tnnvo the hase of the focuaeing- 
tnb0 mount slightly up or down the main ttiba to perfect thia adjusttuunt, liemove the cand and there will be aeen 
acirc-uJardart spot, tlie imagf? of t|io flat^ If thia is nob eaiaucly In the eontre of the bright mirTor image. It must be 
brought to that position by means of the three adjustiog screws at the hasu cl the larg-e mirror cclL sp^ti 

j _—^ ^ Tna§t tfiifatil ^/rom fA? adjusting ter^ cAai bf. 

^ a in. Thus, in Fi^^ 1, the screw whose positJoti U in- 

/ ^ diimttjd by the head of the arrow must be tDmed in to bring 

[ [R Jh » thu dark apnt to the contrisi. The Bume roanlt 1.5 achieved by 

horning tbo two other ficrowa equally -outwardi. The circular 
ouEline of the fiat itself shouy nat bo exactly cancentric with 
^ eyeploM tube and mirror circles, but slightly diiplaccd 

Inwards the upper end of the tube, ae shewn in Pig. 2 where 
all ia in perfoot adjuatmoat EE, the ontormost circle represents the far end of the eyepi^esf cube; T part of the 
tube which holds tliu flub; FF the flat itE&Ef; MM the bright imsgo of the large mirror:; I the dart central iEuageof 
the flat, and 9 the imagea of the four spriog aepports of the fiat mount, 

Fl|f. ahdwa the appeELrancs of a moderately bright star in, a goad telegcope, when the air ia atmdy nod the 
ingtrumeut ccrro&tly adjusted and carefully focuaicd—a bright round spot surrounded by two or three coucentric 
rings of light. It is impooeSLie to portray aecuratuly the extreme dulicsej of these difihmlion ringa an they appear 
on the beat observing nIgbU, 


EQUATORIAL ADJUSTMENTS. 

It is Infeasible here to giv* full directioni! for the acenrate ndjnatniwil of an equatorial. Such in^tructiotig are 
given in Horne and Thornthwiiito'a ** Hints on Rrfierting and Refracting TelesiNipes,** and in Cliambtra' Hand book 
of Desoriptive and Practical AatronoTny;’ VoLII. (Clarendon PresSp IS&O). The chiel adjustmeata are :— 

1, Ihi lyf the cmZfl, The equatorial l?uiug pLac^ in nearly its correct pDaEtion, read the 

declination of a atwr broujjbt to the oeatre of the fiuld wh-cr? near its BOutMag with the emdo faring E. Repeat with the circle 
facihg If the two readingB agree, the vornicr poeition ii ocjnwt] if they are not tha same, move th,o Tornier half the 
diflcrenco bet wean them. Other adjoatmcota haring been ccmplototi^ the docLinalion vtminr will mdicALe O' when the talwcoM 
pninte to the ei^uator. ^ 

2 A dJujt thspala^ eitli fo the aliitwii B/thg Pols. Read the doclinatson of a star which ia on. or floarly on the moridi^Hi, 
and also nEiar tha ™lt]i. Compare the ruoding with tha dccbnatiDn of the iUr M given in the Nautical or Whiuker'a Almaruta.-! 
If the amounts difer, sat tha circle bo the correct raading, and bring tJie*tar to theoentre of tha field by miwiks of tho base 
adjuatlug screw iu the drawing on page Cl). 

3. Flaoi ffte jwfar ani in fAs JT^srifiaii. Point the taleadopc to a known star about fl houfs from tha meridian either 
K or W. of it, but aa diaW ^ poaatbla from both Pole and horuon. If the star ia E and its daclinatioo ad^ ishowo'on the 
dcolination oircle Mcsadfl that giTCU in tho catalogy^ the lownf eud of tha polftf OLIu ia W, of ita right plans and must be moved. 
A horizontal or aslqputlj movtmcnt givun to the eqjifttojriol beod to correct tho doolloadon corrects also the meridian irijaition 

Othar odi^^'^tmenta neceaaary are 

A Set the typt^eal om fifths ^ right angltt fid ih^ ikclimtim 0^ 

T’Atf yHhfar ajwf ttxfi ^ arf right 

fl. rss inda; of iU Aour oixdt xo,m poiAt io O’- wAan th* (risarop* it i» tAe meridian and the dtdimiim oxu horixfmtal 
HitA a movable W aircU (eteoppotUe), the ^ien and V-* thavtd «Ao» lilt rindin^e th* leUeei>pe rt (A«i Kt 







equatoeial head. 

Thr ieetien dm-winii repraaents an equatorial liead and made by tbo autbur. It is luiUble for a 4'incb or 

■mailer refractor. It ttm bailt up of iron and gnaiiic tal caatinga from aimple wood pattomsi and a fow mild steel 
and brass rods. All the wort required is witliin th& capacity of a SJ-in- centre foot latbe, with the addition of 
a single division plate and cutter for tbc teeth of the B. A. circle, and a circular protractor for the marking cl the 
dlTisions on the citc]«b. 

i. Part of the dri^lag-rod with uniFersa] joint ¥ the Ppper ftndt coimiictiiig with the worm Krew, and 
m huidk (not shewn) at the lower end. 

B. Gdnmetftl cattod beaiinga of the polar axia. 

Q, Declinatioii circle. 

I), Declination axis. 

E. Arm screwed to the polar axis tube and adjiiatabk 
for an/ ktitude. 


Oao of two aide platEis screwed to the ba&e aisd be¬ 
tween which E k held by a J-in. boH and nut L 

Laver of cam. Whan pnlM down it puM the 
worm into goaf with the hiod toothed ring JJ. 

Knurled head to tnm a pinion engaging with a 
elrok of teeth ent on the inner side of the K.A. 
ring Kh 

Bolt pafialug through ft hole in the base, slotted to 
allow for ft alight movement in aripntith. 

Behind L U a central vertical pin (|-rii. in dia- 
meter) about whith the whole head -can bo tumedr 

One of two posh screws for sxact meridiaii settiiig. 

Knurled declinatioEL alamp nut. 

Polar sjcls. 

Right Agoenaion Ring, naarked feem Oh. to 24h., 
from west to eaat round by south. 

screw for the slow adjustment of the 


Adjuftting 

tilt of tbo polar allB, 

One of the two other base screws. 

Main tube of the toSoscope. 

Declinatioa Vemicr on arm with adjusting puih screws 


at the lower enA 


V^p R.A. Yemlstr^ died, for lime. 

V* R. A. Vomier, moving^ for R,A, of object 

W, Counterpoise weights with set collars. al l j 

Mo ilow motion in Declination is shawn. but one m a great oouvenienci and ooutd easily be added to ih^ 

Bor ^ovunienw cf representation V* id ahown at right imglca to ito correct poeitioiL It msy be r^jtatod about Urn 

turnefi cod of tbe polar aiiB tube, a-tid damped in pcaltioa by the screw X ^ ^ 

A Wg^foced watch or on ordinary spring dock, regulated to k«p aidersal time, with an inner circle of figures, 
XlII to XXIV added to the face, is a moot useful, indeed a1mc«t iadispenHable adjunct. This jnay be set wrrectiy 
to ddcre.1 time e-mh day by means of the wireless time aigael. The sidereal tiino for the previous midnight can ^ 
obtained from Wbitaker’a or the Nautical Almanne, and to this 12'* 1“ OS' (say 12 3“) tanat be added to get the 

sidereal tiroe at noon, . . , . . • , .t, >r .v . i 

The method of fimling a celestial object witli an equatorial of this type is simple. {1) Move the telescope so 

that the decUnatioD verniur (V) mdicatos the deolination of Urn object a« given in the catalogue. Clamp in declina. 
tion ri T3y a>w“" tbO knoried boad (E) turn the B.A. ring tiU the R, A, of the object is shewn by the lower 
or moving vernier (V>). <&) Torn tho teicacope till the iiderOal time m read from the dock ii shewn also by the 

"’^^lUlow^rm^ilm power is used and the head is io correct adjustment, the object ahould U in the €dd of view. 
The lever (H) is then puUed down, and the object can be followed by slowly turning the driving red (A). 

Tf the object is not atflrat in the field of view, a slight movement of the telescope eithor Eorwirda or backwards 
in R.A. wUl generally bring it into sight, If not, the oirele readings should be checked and the adjustments of the 


head corrected if nereasary. , , , , . . j * * j / 

'rhe haad should be fiied on a strong wooden braced tnpod or iron pipe filled with concrete and protected from 

the weather by a galvanited iron hood, the telescope itself having been removed, 

* Firr placet B. -gf OrmUtiiih a wrrirtina v/ tf™! miipi /sv sarA JS" fl/iwWrfu*.' »/ "Afraetet. 
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Til* accentB are m followa:— 

—Thia Jiii foUowa Lha Au-callcd EisylLih 
i>f ]jnH4Ut3[!E*ti^in, whicrhia^btucT^nj uaiid iDr L&dq 
uid Greek proper- nuuej iu En^Euh 
COHStSli^tions p— F'W ibo ^amtivH of nAniM eadia^f In 


Pronunciation of Names 


tliDfle •cudm^ La a 

AwtuaJ infllA ... _ !l7vc Air 
ApcTfl^* (ff, ft-pod'ii} Birditf ParaHhc 

ASfcffAfliDfl, iL-k^i'^ri-iia JAf 

A(^nifj,, ikVi-Ei ... ... Tfir Ba^r 

AlWn S'rA ... ... ThtAtia^r 

Amo^ ir'go ... £hip Anjo 

Aheks. a'ri- 615 ' (j|., ft-rfo-vi*.) TAe Aam 

AuBJOAi fl^rwEe^r 

Boon*, ^.p -tifi) ZV Hardman 

C^BLou/„.. T^iCh%$4^ 

CjHiILi>J*AKbc^* t4-iiiol'5-|^ni'U?^ 

Cabcbei, (jj.j kAi-ti'l] Tj^f. Oafc 

Cjiilfii VEH+m'lp* te'iiftE T&nil'-Kili or -kJ 
(^. ki'oaai T^.-cLRt'I-St^S'ryefi) 

ILiJon, ki'uiH [ds''-^t, (jr ni-ja'™) 

j, MrsroHr ki^uSn mVi^ iviJ-i] 6 ‘'r'^) 

Thfi ji.w4 Lfwrr 

CiFRicuHSTTM, kip-rT-kflr^ni>fl Tkr 
C*HT!f A,^ IfiA-iTtii 2 ^r (A 

CifliLiaFiui^ ... 

CsKTAUJiUSt 4^iqi-^t6‘'rui r,r 

CErHEETS^ OF-b6'f5-iS^ ... t^qsAenj. 

CjrruSi, 27^ JSpo J/fpnj|#p trr 

UsAXAEi^V,* kAm^lfi-On (gp., -iMn'Lld} 
Tfit 

CiRCij<tra»* 3 ^ (^impciwtt 

GeT-CKflA,* to-]fliiL'b4 T?\f DAJtx* 

Coma JJfcBiifxiTBa.* to'Eni ^^fl^-B-^^'lWB 

(j^r, ko'Eufl iirvvm<^a Hfzit 

CohoSa Au^rFlUllB^ fcj 6 -™'Qi fi^trSTia 
ff EoRBAUa, „ 

2'fe &t 4 XAem uneZ Crown 

Orl^i^ Farm!. ■■ AtatLlA Pl^HijhlAtlu 


E aa b fate 
A „ fat 

A ri Amt 
^ n 9Dh. 

-Vi cbaci^s Ltkq 
^]uD^a tiva a bto » (prooouEiced aj, u Mrilaa, 


Cohvc^ k6r'mi 
CftATlB, tri'ti' knlt'eivii) 
Cbiti,* kruke, |j. krooHta) ... 
Cyos^Ub, eSg'n^a 
l>EurHT!TC&, dol-ffuaii 
Doiia'&Oj * do-rfi'd^ -ddda) 
Dsica^ ilrtT:^ ^ drakfiblmj 

ElLtliADrca,. d^-tirVA-ui^ 


* fea in I I u In pi:y3- o u ixi | u i 

£ tDoL I. ri ill o H u 

* ,> WftUir .... 6 „ orb t 

-- -r. ... 1 od n f«d 

wi or -ua iu-tfT -i (pri?n£>vnood J), aa Lupm, (j.) LupE, 
kfuiiieni CunBtelEaEJuiiB aj-e- LuiLtki^i ", 


9 b unite 
PI up 
1 . um 


The Cr&ie 
The Cup 
Tki Vrw9 
Tkf- j.^5lrtlPt 
The Doiphin. 

Thi Jfi'i'fr AnwAanni 


Fobs'* fdr'Dikiai bi-f 6 r-naa- ia) 

GemIbi, jitti’^T-ni (j., -DQ^riiiii) 

Greb,*' grig {j,, ('FfiflTn) 

HiaoDLEB, h&r'kli-iPE (£^. IjbJ 
KoHouxpJtiM.* KSrHfidd'ji.-uni 
Hioha, hl'drd iTAc 

Htbru^,* hl'driia ... 

Ih'ltu;!l 

Lacejita," ... The /vivrtni 

Lio, f ld- 6 '^nlji} JTrf 4 !Sp. [Ahmi 

M iMOlir* ml W 0 . tciT-narTfl } £<jicr 


FufKOTE* 

The 

Tki t.>UfM 
I/ireiilei 

^ The aocL 
f jfcii4:E 

It j „ M 

Jhf indUiH 


Lxtiraj lep'fir-La) 

Lihba, irhri 
LcrrFE, I'Q'piiH 
LTTfT,* links (sf.., -IbBXiJ 
Ltba^ ll'rd 

Pr.ijg) 


The JJ^rrf 

i^fiAcEnenri 

The. UW 

The Lifnzr 
fhf £.yrr 
Miiit 0 / A u] 


llTcjig*,“ ... raAZ* ^ 

Mloiosconnif,* mlrkrd^kjC^ji-i.Qiii 

Thr Micn»ee^ [The r-nionrA \ 

MoHCKfiEHJ.%* hqft-ufe'dr-fifl f,v.. w-5'tla) i 
Mrsut. ■ indfllii .., The- [&«(Arru] ® 
Nd-ema," udj-'mi .., sra^ Sfvu^nf 

OotaB^* fik’^tioA Ij., 6k-taii'E.|i) ^ 


OFCTTcmii, 6f-!-ci^k^ STAe: Serpewu-i^Arer 
0KiO?f, d-rrdn {$. iSj'4-flbiii-j 2'Ae Af’uMtr 
E^ATOp* | 4 'vu pi-Td'niii) Thzt Be^ntxl- 
FjUtAsira, .,, Fr^tui 

PiHflagg^ i^r’iui prijdr’'aS-£ji 
PumHElfp ^ ffi'mkB (sr. ^ fe- nf da) The Phfenxs 

PfDTOR," |.T)f't 6 r (ff„ ^idr'ifl-) The Poineer^ 

PlBCM^ rifl'‘Bz puTiiiu)i rAfi 

Piiiczs ATraTEiisrA, Oa-trriyilii^ 

■TAi ^ntA-rrri PUh 
pia|>'!s iff., {AfArm) 

Ptj [fl,* pifc^si* (p., plk’‘hE-i3IiiJ The Ompm * 

HB^lctlLtsM, * r^-tik'a-lum .., 7'he Nti » 

Sa£HTTa, Nfi-|irtk ... TheArrov 

S-AUirrABi Lr.p^ . ^. *l7^e A rcher 

StPURTO, nkdr^piJV b'n IO.r 

■HtiOtu-lua^ ikdr'ni-dfl \ff.f fik 6 r'|A‘-l) 

SctFLprnn/ Hkilfp^tde- [p., -to'na) i.fpiiJp|pr 
^ctrrcid,* fikO'ifivt .. ... The Sftidd^ 

SEansSj itfr'yifiDi Ip., ^cr-jpco'tiB) Aej-pe^t 
-SsXTABap* &eiji'’Luiift iff, -tlli'"tja)l ^ 

TiUJira L6'™ ...’ ... Tk^ 

TlLiBOOI'lDM.* t^l^-P^k 6 'p^iircJ The TdcKOfie 
Triabqitlch, lrf-^T 3 jf|^u-bm The Tri^n^U 
,1 Al'ETltAABf'*' „-rde.-tranS fftiuEflfni .,, 
ToC!A3rA,.‘'tdd-ki'ba ... J'As Jowru^i 

Una* H*auft^ fir'EiliFil'jilr tS 4 Tlrfldini'-jQ'nB) 
p, 'Miyim, mfuAi' fjji., fjr"*Brui.hd"tS?} 
TJte E?fratfr und ihe leHtr Brarw 

ViLA, * Ta'l* (^ 7 ., Tfi-Ul'iTgJit} Sa ^1 ) 

Vehoc^ Tfi/ffd iff,, viir'ji.cili) JTko Virgin 
VofjLSa,* r5'l4iiE [g., d4o'EiaJ mi^viFhh 1 * 
V UWWULA* ■Pill‘|-wk'n.!4 ... ^The Fiye 


Bfldiil* fl<iil]4iiiij, The ^aE/HTc,-> r'lbdA ttJeJaiilk* iVg«A'p ZVjiy., ■< friraii ClwitkA, 

The Chrwiitfii J?ur™i. S Mehu Uduje. " Apli Uujca Ai]>tT*j|ft. T OeUiM IlirtEiNJlAaiu, Ifndity'i (JrEaFiL *1 EqiniEciu The P^AinitrU Entet 

B Vy^iM. NMfeic^ The WI=JW'-| BiL ia (EnyciiHitti KbmnLGiiWk, 7 ^^ Xhvml^idfiJ .V<(. » A L.i>-.l*tn* ^nulpicHl^ J7if Jif mirtuw-M U'^n^kur'. 

it ainLlaiii 5als|«l:il, SaiAeth 4 Sk\eIiL li. Sjq*Um nniiiJ*i Umniai 1* Vulma, t* k it Abwr, TKt Fm irttiJ H, r i>wpf. 

Stap and Cluster Kainos- " 

CS*phj Chsph; CabaJnu 
Aehertvir, klrdTrUAr a 


Ai^nuk, ftk^rib 
Adi3.r4t, Ad-a'rA 

ij-hir'd-P 
Afehihit, UAI.bd' 
a.l-tfir' 

Ale^ene, AI^A-dq 
AU(rUron, iil^eb'ik-tiT: fl 
J SdirtuTUETi^ ft Caph 

al-je'bi y lAronli 

Aii/fTtih. Sl-ifl^uTB > Pa.^i 

Al^olf il-Rdl* § Fsr*d 

Alffitrub, 

Aikrmif il-h&D'i 
Altcfh, Ul-dtli" 
ftl-kad'" 
Alkiduropt,kU'^lik*T&'^ 

AlAn. i^l-ki?." a Onti^rii 

AlffUfJe^ aJ-mak'' 

Aln^zyin, kl-uMAta' 

A fphurdt aJ-fdrd" 

Alphttmr 

alJt'rite 
A^PMtSt, il-fiark' 

Jfnzi, aJ-rkf 
d^F■lu^MZif^A,il-^66-kA'^54 nUlfih.. 
A^fArikX U-dblii ^ Aitciili^ 

AUairt a]-L«^ a „ 

Alvmid, kJ-w&Til ^Draco 

An^aiTj, a aetarit^i 

AreturuttJ^k-tu'T^B a Boatit 

Jr^dirilf, Ar->-Vc1ad" a 

Arjwht fir'nftb d Leporia 

AaErro^, 2] Tauri 

atlaji 

JetflucA, kE-T^mlk'' 

f Cetz 

b4..1i''tJilEj y Oridoia 



r CaniB 


^ Cy^t 
a Curri 
go UM.Maj, 
ij Tiurl 


$ Cttfvi 
y O amin. 
f Un4 M ttjn 
T? 


y Aoiiroitt 
c Ododii 

a 

d- Cor.Bor. 
a Atadrom 
P Ce^lhcf 

y 


^7 

n VlTj^abi 


ki-ftd'pOi a ArguE 
Cdpvfla^ kd-peS'a a Aurifjia 
Cdph, kAf p t'nMzop. 

kM^tOrj kfij'b&T iiGfrEci, 

f>r Cuni-i. kOr kar-em a G Vbq 
C or JJydriFi. kfler bS^ds^ a HjeIti?. 
Cop Jt^T ]e-5^nis a Leouii 

Jeftr Bt^r'pT-l 

(.or k. ■k 6 r-pi- 6 ^niB) a Hcorpii 
Cp'^j^fyrnJiJp kir 

d ScTp*isl .i* 
eViria, kdr-aft' p EricLaDi 

fJenfK d Oygni^ p Lwqii 

J^rnci Af^iedi, dfiu'K! Al-pi^iJi 

^ OaprUiartii 

Betiebo^a, d*-Ti^b''-d-ljl p I^winis 
dlf'JA ^CeLi 
IJiiflA#, dftSkpTiiS a Ur. MoJ, 
A7<T;ra, 17 IWri 

£fLEj^,Ea'tf ePegiAi" 

jffrraK ar-rki' y Csphei 

£{nmin, ^-i-EEiln^ y DracmiLi 
Fam, fficQ f 

/Wn/AoME, ffi'cEildidt, --mil^ 
d Fj«OL4 Aqjfj-ipi 
jiiUib a CejroDA Bor. 
Oirtir, iPritait A 51f«j.-Kkifi3L, jt'ilip 
pTf^ma, B^-kdoMA a^ Gapu 
CitmeiMa, R^.inJ''iik p Cam. IT 1 a . 
J/amo^, liftin'il ^ ArictiB 

//4WEam. liS-inlut' f 
£f^dJ^jp lari-dfic (fltar CUtMior) 
har, ^liir' e Boiitl* 

irnrVaiTO, kMain^ n PiKium 
iLdxu A Mitteiii, kdi 6a.tti'13i 
4 - 


p ErifiaiiJ 
2 & f'auri 

EE. Ppgllili 

K liercuLiB 
r Gotnb. 
h Crti.^iAj. 
: Cole 


IComephoroi^ k&r-n&r^rAi 

P liEirrul-ii 

Aiiriiff, kAr-Bk' 
i1-/^4j*| ml-il' 

Martmhr 
J^frjrjrii: TZzar'rfk 

Meffret, mfi grfiz 

iftfHidfj'jur-a, min-kal-bnAti'' 

Aitrig-ta 

..l/ftilyrT, rncn'kftj’ a C^d 

J/fipal', mi'j'Afc ^ Um. Muj. 
J^rrojUi;, ^irr'5-p^ 23 Tatiri 

.WejuEr^Air/4^ IDfifl-Ij'-tlUj' y ArioLli 
MivUaJi'ii^ i3isd'Lk-k& i C^rdoBii 
J/ihdr iwj'ri 0 Uet? 

Mirtieh, iQi'rAk, labVAk ^Amb, 
Mirfikh, EEiirTfck d Pfiwi 

J/tnwiB, irdr'iAiji Maj 

J/iaa-r, tnf sar p AoilrofiiDrliD { 
f UrflQCi ^lajnrijSi « iJoiiLEi 

j4ftj.pAFvi, moo'fpjd 
N^th, ukth." 
jV^tw, ufik-k4y 
Okda, 5k%j* 

Phakt, laki 
Ph^eda. fSk'dA 
Plei^dee^ plT" or pt^'k'd^ 

P^eione, pU-fi'na SB Teuri 

Pa^drsA^ pA-La'rifl 
PeAJux^ pfil'OkB 
PreE^^fit, pr^-w'pfi 
Pr^^m^ prSVl-iD 
PtifeAarriirtn. p Ql-t^ir'll!) k f Boot ia 
Bar AiffeiAi, ^ aJ-jo"tA a H?rv. 


. f 

n BnStu 
P TaLifi 
p Bodnia 

a FiidEutn 
^l Cobcnljisi 
y Ura- Maj 


a Um. Hin. 
j^GomLuE 
(Clut^tpr) 
a CTimi^ if in 


raa-lA-fciAEt'', 7 ‘ PrwJatii* 
B£pii/'ii4, fl'Taada 

rl'giei, i-TJ^l ^ Orion H 

Poianrr^ rd'iA-Eifir p DelpLilMj 

Fodeitkirid, Gdil-ak^i»B'ri- y Aqr. 

Si^daiftKlik BacbiS-miSlk a Aqr. 

Sehrfif, dii ac p Pe^Mq 

abJdVr a GjasiopL 

flL^'l'iak p I.yrm 

Fheritietu, ihAr'A-Lftu' p Aiioda 
£ eV w, fiLr7^M IE CaurMhij. 

Sirruh^ *tr'a a Androziedte 

5tu(, Rkfit ^ ArLaarii 

“J'f'tJi A VirTgiiiiBj 

^TtafnCIJlA^Tj, i 6 d-U’fiC Y 

^vittocm, jiTil'S-klb a Drtl-pbini 

TaHthd, ta-lfr’l* i Ur.Mn,]. 

■TdTWirtf^ lArd-sfM Y Aquil® 

Tiiy^. LR-iy^im IflTaufi 

tb5d-ti4n'^ oDracanii, 

C-nak 'ftl-ba'd. SiJsrp. 

El Lprm 

rsTif.ffwnbij*ii.^, Tia-dc-mTA^Eika 
f Virgin El 

Warof, WA'jiftt S QnMiianfTP^im 
Tid. yfril 5 Uphlathj 

ZauTokt BfiVllc y Eridani 

^oicijaA, naV-&-]fi p VirgicLb 

Zazra. ZajuM, adW'kA, 

4 JjJOB!® 

Znben cf SI jt* 

hWIjs a Ldbrffl 

pp ri Ifakrnhi^ 41 ljA>lcrAit^ y 
„ r-fC^a-TMit, ol Bhl-mila 
ZdifMjeA, tH-lAn'Sahi p ,, 






























G3 

ThtE Brightest and The Nearest Stars. 


BBtDHTceT Stabs. 

Sirius 


R.A. Il«c 


NligDituJa 

Appu-ent AbaoLutE 


DMtAlKQ 
L'LjTfir l'SFWC% 

Annyal 

FJf. 

(Sun-l) 

Typ. 

6»- 43 0“ 

-16^ 

38^ 

- 1 58 

1*3 

o'^ari ' 

9 

2’7 

r-32 

26 

AO 

Canopus 

6 

22‘fi 

-52 

40 1 

-o-ae 

-7-4? 

0^-005 ? 

6501 

200 T 

0"Ci2 

80.000 f 

FO 

a Ceutauri 

14 

36 5 

-SO 

38 

0-06 


0'^-758 

4 

13 


14. 0-3 

GO, K5 

Vega 

18 

35’2 

+ 38 

44 

0^14 

0-6 1 

0'’124 

26 

83 

0'''35 

50 

AO 

CapsHa 

5 

12-0 

+ 45 

58 

031 

-06 

£y^069 

47 

14^5 

0''-44 

150 

GO 
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STAR CHARTS 


abbreviations and EXPLANATIONa 

fi tnftH Crosses (+) indiomto the points of interHaction sf lines of iDtaimedUtn SO mlDutes Of RA- sod 6* of 
DACliQtitiQD. 

UapgiDal DivlslDiis in ducote b minatM cf lidereaS tiiot, ftod id Inclination 1". 

T (^all, to & star) dsnotaa vivrifthdlitj. A TMwble atst whieh resches Sth uug&itmie or haas at its in«imtim 
bright™™ IB mar lrftif \}j a small 

R or Eu (small, to a star), A redt orsu^ or yelloir stikr. In tho eaao ot E-B rad tho latter B ia not 
added as the latttirs E-B sro s Miffioient indkstion cf tha cokmr, 

Humber only (to a star). Tho mmilMsc In Ii'lsnistood'H Cstnlogns Bntsttnloaa 

Humber undorllaod (to a star), Thu hour mwnher in PiuziV Catalojpia 

GreelE or Eomaa Utter (to a star). Thn letter aaaigiied by Bsyar in 1603 ^ mmI, wom time, by 

IaovUIo Bnd Gduld in acmtlioni eoDfltfllfBtioiM. 

K giwb ar only (tO a nebula). Tbe numVior giTem in tba N.G.C., wia, the New Oenersl Citali^gue, bfriDg tba 
(Jonersl Cstalogoe Nabul» by Sir John HentchsE as rcTieod and enlst^ by Dnyer ClSSfl). 

Knmber with small ijumbor to the right {to a nobtlla). Sh- WUIImb Eewohel’s o^irobara Aod the olaesM 


Into wbiioli be divided tho uebidsd, Thu^ 3d' U IV 37» 


These cIa^s^ arc i— 





1 

1 

Tfif7 l&rge ttebalt^ 


IL Fidnt nelralffiL VT. 

VEry comproBaod aad rich cinetera of st&m 


ITL Vflrj fyni nobida VIL 

Coropraafiod oludters of mpatl aiwl largo stam 


IV, PlAnetflty ijflbulA Vlll. 

CoaTBBJy Bcattorod ciiiitora of sW9» 


AbbrevlatiODS of tho Names of Obserrers, genoriLUy fbHowed 


by the eurrent number from their Catalogues, 

A. 

Aiikei^ Tt 


L, 

LacBilia, N. h. da 

At. 

Arg^Buderj F. W* A* 


LL 

Lalande^ J* 

A C. 

CUfk, AliraCL 


Lt, 

Lefi'ronWorth,, F. R 

Bar, 

Barnard, E.E. 
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Cordoba ObflL 


R 
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lllDHlt R Tr A. 
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Sttuvo, F. G. W, 
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Jacob, -w. a 
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Ptiikof a Db& AppeEbdk, Vol IIL 
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ID'S 
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] 
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3 
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+ 73 

64 
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9-0 

] 
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1 
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1 
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liP 1 

g 

6^1 

+ 67 

20 

5-0, 

0-0 

90-j 
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!l93fl 

23 

TP 

9 

21-6 

+ 68 

17 

3-8, 

9-0 

27rj 

22™-8 i 

1924 

2141G 

fl 

10 

13-9 

+ 71 

19 
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7^0 

lerj 

IS™ 7i 

1925 

02235 

9P 

11 

29-5 

+ 61 

22 

6-0, 

7-e 
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0-^-71 

1930 

Hu 1136 „ 

12 

3 2 

+ 63 

]3 

5-0. 
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T-O] 

5 
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a Ursi 
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1 
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3 
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e-0 
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%smukM 

Gold And. 

Relaljiv^ljr ^xad. 

Faint <r£?me» to B at 14^'S dtatanoe^ 

Optical p*ir: d. d}tninl9.hiDg from p-ttl of A, 

= Hu;. 1107, 

RfllativeJy fixed, Eioh aeighbourhaod. 

Triple. No relative motion, 

Paic yellow and llelatiToij fixed, 

<7om63 double, bi,9’5: F.A. 254"j 
S plendid gold e-ad bloe. EeJatively fixed. 
Binary^ 

Bipsiy, F. 63j. 1903j widcHt Bbt. 1035, 

Triple Btar, Fine object in 4-iaGb. 

P.A^ dec^niaaiDg. 

Rektivfllj fixed, c.js.fti, 

RelfttiTelj fixed- 

Orange and blue, 

Incrreaamg F.A, 

Bliikb omrf#, Eetatively fixed. 

3'3 mag. is a speetroicopifi binary, Hektively 

[filed. 

Physical pair, slowly decreaaiisg, 

Little relativo motion. Probabl j a alow binary, 
R«|ativulj fixedr 
EdativeLlj fixed. N. of i, 

F.A. etowly d&creaaing. 

Binary j orbit doubtfliL Teat for 2-iiich, 

A fine objects Stan yellow and bluo, 0 ,p,nk 
Near ij Draconia. 

Ugbt-t^t for 3 m, tol^ope^ 

Long period binary, 

Belatively fixed,^ 
iSbioryj period 111 yean. 

Yellow and lHae. n.p.m. 

Relatively fixed. 

F^A. inercaaing ilowly. 

Little obangc. 

Pleasing contraetr 
P.jil. decreasing slowly. 

BelatiTely fixed. 

Eclatively 

PLaary. Deennuing F^A, 

Eelatively fixed. 

No change. 

Binaryp period 72 y. Widening to 1" 0, ISM. 
Rolativielj fixed. 

Fd&rv, the N. Pole star*, A welL-Icnown teat, 
littla ohapga, il any, 4* n alighlly p 





























INTERESTING OBJECTS. MAPS % A Q,-ConUnu«A 

CCinouMPOUtiitf NortmI. 


VariAble Stars. 


Epoch 19IEO. 



AA 

D*iJt 

RV* Cis-sioiKiK 

21 a 44-4"’ 


BU 

2 47 5 

+ 0S 4] 

T Cephei 

31 ee 

+ 615 17 

V 

23 Si-O 

+ 83 5a 

li Ursa! I 

10 41-3 

+ fi9 3 


Vsr.ormifi, 

gpHtniiai 

P^ftod 1 

Algol type. 

6-4-7*6 

A 

I'ly dap 

B'9-e-3 

F5 

1S5 

Cuplieid type. 

S-o-S-* 

Md 

391 „ 

LoTig period vuriaUle. 

6-3 - 7 1 

A 

350 „ 

It ji 

6 0-13 0 

Me 

1 39B >. 

] 


Nov^ 

NfiTfl 1573 CMasiopetB- 0^ 22^-0, 

Tha new eUr first seen bj Tycho os TTov. H, 1572, when It wr^ brrgfbfc^ than Jupiter, then in cppoaition 

and near peribelion. It aoan faiwame m bHgtt as VEniis, acd was a<M>ii by Mine tvan in broad daylight. At the 
end of the month, it began to fade gmduidly. and underwent a sucoession of cliatigea in eolonr-whila, yidlowish, 
niJdy, and finally leaden. At length, in Mamh 1BT4. it ceased be he viaibla, Tycho's instriiffietita were toe rough 
for him to determine its place with great accurney, bo that it is unoartain whether one of two faint atar^ near tlie 
positien that ha gave, is idtmblrel with the Kota, 


Nebulae and Clusters, (Maiw i and a> ftw<af«d jtfM.ar. ««**/(» a J 

asn E. VIII 78 Ca«iop,. O’" iff" -6. + fil* 31'. A fine clnatar, Bojuowhat W shApod. Half way from y to «. 

581' Ml 03 „ 2£i“'8, + 00" 86'. Beaatifnl Hold IV »>id slightly N, of S: eontaina S131 aiid a red star. 

663* H Tl '31 !« It 43“-'S, +61" <y. A (inti open cluster, Tisiblo in finder. IncTudea 2163. 

765*4 M63, rt “0, +61* 1^. Irregular duster ahont 20* diam., containing aa orange star. 

6543 HIT37 Drato[us,l7‘'6d“-S, +66*33'. Planetary nebula. A remarkable ohjcotj very bright oval disc like 
' ' ’ ' a Btaroet of focus, with a oeolral 8'°-6 star. Bluiah; nearly at 

the N, Foie of the Bdiptio. 

Bright, with alniuat stdlar nudeaB grouped with «na]i stare: Spiral, 
with rather faint arms, 

A narrow carved my 7' k 1'’6, with rifta. Heally a Spiral seen almost 
edgewUe. Within of M81, wliich i* included with a very low 
power. 

A bright, roondlali nebula, with a brighter ctinttal part. 


3031, M81, Uraas Mt^oria, 91^ 51™ -B, +63* 18'. 
3034,1182, „ 0tei-.6.+fi9*5g', 

6332, H.I 356 „ 13’' 47“ 9, + 60' 36'. 


* P«tariM. EasSly found hj iho Pemetr* “d ? Urra Maj.). 1* from tha N. OBlBehal Pole In IftM; nooKrt In SOM, within SC 
It is Otoj with a| Inch i coispaaiau blulih. The krg« st« is a spoottoeoopio binary and slightly varUldo, 
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Interesting Objects. Maps 3 & 4. 

4R.A. XXII. Hub. to II. @0'N. to GO 


Double Stars* 


Epoch iflBO. 


2^ AfidiTDincdK 

R. A, 

O'- 52--31 

£)«. 

+ 23’’ 22^ 

Mu*., 

0^1, 6-7 

pj. 

tl3V 

PIaL 

ff'8 

a&3fi 

1 Sot« 

Binary. PwH cnJ 1 ;>4 yeftrs. 

r 


2 

OB 

+ 42 

8 

3-0, 

6“0 

orl 

i 9"-7 

1927 

1 Gold and blue. Magnifi,ct*iit object 

y* 

it 

2 

OB 

+ 42 

5 

S-4, 

G 6 

103*1 

1 tr'^4 

!i0a7 

Very close binaryp P, 55y, Cloasiig till 1945, 

OS 500 

IT 

33 

35-1 

+ 44 

9 

e-ii 

yo 

333*1 

E 0"-G: 

jl02S 

Binary. [Widufit 0"'6p 197L 

S 30 412 

II 

33 

49-3 

+ 37 

37 

7-0, 

7-0 1 

37*1 


11931 

No apprcK-dable cliangE\ 

S3050 


23 

569 

+ 33 

27 

80, 

SO 

342* i 

] 

E r^9i 
[ i 

Ud3a 

ELaafy, P.A, iDDreastiig, distaneo decreasing. 

41 

Aqaarii 

23 

11'5 

-SI 

19 

50, 

7-8 

tlS'l 

i 4^-9; 


Lktifl change. 

51 

i± 

23 

21’5 

^ 5 

8 

5-0, 

5’7 

351*1 

1 O"'?! 

11926 ^ 

Binary^ 

53 

M 

22 

23-9 

-17 

0 

8 0, 

0-5 

313" j 

1 

[ 

P-A.^ a)owlj inc-neaaiBg, dietAoce dirnirti-Bhing. 

f 

1* 

23 

ae^s 

- 0 

17 

44, 

4-0 

2srl 

3"‘6j 

:1935 

Slow bmary. P.A, and rf.decfHiaijig. Testier 

94 

t* 

23 

16'4 

-13 

44 

5 2p 

7-2 

346"! 

IS"'3: 

si922^ 

Etclfltively 5xcJ. Yollowisti and blpe. [2-iii. 

E07 

13 

23 

434 

^18 

57 

5'3, 

85 

137*1 

j 

6"‘3i 

i 

h925: 

Slow rcirogsT^fl motion 3 iuoreasingdia^ce. 

1 

Arietia 

1 

47’4 

+ 22 

S 

63, 

7+ 

1G8" 

r-el 

El 037 I 

Toil for 2-in., telefioope. 

y 

IT 

1 

506 

+ 19 

3 

4^3, 

i'4 

360" 

S"'4j 


Beautiful fiK-cd pair. Fine for aiuall Ecleaeope* 


D 

2&-0 

+ 54 

15 

a-G, 

5'9 

168" 

O'''6! 


Binary. InomBsIng P.A, 

*7 

■P 

1 ^ 

46 1 

+ 57 

33 

37, 

7-4 

378* 


! 1938, 

Binary of long period, 500 + year*. 


tP 

23 

50’4 

+ 55 

29 

G-4, 

T'5 

327* 

j 

3”-lj 

; 


No olianga, Grand low power 6eld. 

a 

Cephci 

22 

37 3 

+ 5S 

10 


7’5 

102“ 

4ro 

h924 

Yellow and b]ae: A is yariable, see footnote. 

42 

Ceil 

1 

17-2 

- 0 

+8 

83, 

7’2 

r 

r'4i 

|l935 

Diroot angular movement 

2147 

i| 

1 

39 3 

^11 

34 

8’0, 

7-3 

S9" 

2" ^9; 

;i92& 


P 

HtidJUii 

1 

37 9 

-SS 

27 

6-Op 

6 1 

207“ 

r-S: 

! I93i;p 

Binaryp period 219yeflra. Dijtilance increasing. 

9 

Cnais 

35 

4-0 

-43 

48 

4-5, 

70 

49" 

r-i 

;i934 

P.A. inorQHjaing+ 

A24G 

ti 

23 

4-4 

-50 

58 

fill 

8-8 

257* 


E1937 

1 

Little change. 

22B94 



10-7 

+ 37 

31 

0-0, 

8-2 

194“ 

lB"-8; 

I1935 

1 

EBlati™ly fljted. White and b!uo+ 

S 

11 

22 

33-6 

-E-39 

23 

S'O. 

6^5 

IflG" 

22-3 

E E 

il923 

i 

5Iatt.iple gygtetn; dislint ataan xua^O,. lO and 1 

I2B7T Peeasl 

22 

11-9 

+ 18 

57 

8-4. 

9-6 

10“ 

i4'^-ii 

11924 

Qptleral. Distance inciTH^aa^Lng from /p.tti. 


IT 

22 

12'0 

+ 7 

44 

e-B, 

e’3 

123“: 

r-3: 

11934 

Long period binaiy. AvL alowly dcoreoxfing. 

32 

11 

22 

19^ 

+ 28 

5 

5’0, 

9 3 

127" j 

7rol 

|l9a4 

B haa 11 mag. sofus# at T '9 diatancc. 

33 

W3 

32 

21’2 

+ 20 

38 

6 0,10 0 

177M 

? r-i! 

■1923 

l\A. and distance Hlo>vly decreasirg. 

34 

tt 

32 

24*0 

+ 4 

8 

O'S, U'l 

218"] 

[ 

U®23 

Little ohal]£fi^i 

37 

1* 

22 

27-4 

+ 4 

11 i 

5 *3, 

72 

98*] 

[ o-s; 

ilsae 

i Binary,, with orbit in lino of aiglit. Widojiing, 

i 

11 

3S 

44 2 

+ 11 

55 

4 0, 

108"! 

ir-9 

= 1924 

alow ly decreasi n g. ^ h1.150 y ng. 

53 

IT 

1 22. 

58 7 

+ 11 

27 

6% 

7-7 

248*1 

iy'-7i 

Uim 

Cloee double. F.A. increasing. 

57 

11 

33 

7^3 

+ 8 

24 

5'9, 

10 2 

19S-3 

32'-9 

11923 

Helattvelj 

78 

tl 

23 

41-4 

+ 29 

6 

50, 

81 1 

200*1 

i 

|l924 

FA, increasing^ 


PKccctitii 

1 

3 9 ' 

-46 

59 

41, 

4-2 

357*1 

: 


Binary. /’^J-decpoasing^ Ilthmag.atarat57'', 

f 

■t 

1 

6-3 

-55 

31 

4‘li 

6-4 

245' 

8'’6 

1013 
1M1 ' 

litDu obange, A is variable, [1620. 


11 

23 

38 6 

-46 

55 

C-3. 

89 

27a- 

r-2 

Relatively fixed. 

35 

Piscluitl 

0 

12'4 

1+ 8 

33 

6‘2, 

7-8 

149“ 

■ ir-8 

]9S6 

Relati vely Axed. 

55 

it 

0 

37'3 

+ 21 

10 

&-5, 

B-2 

193" 

1 G'-G 

ilOSO 

^ Orange and blue. Be^atiroly fixed. 

85 

IP 

0 

47^2 

+ 27 

26 

60, 

G-0 

297*' 

4^6 

U02€ 

j Little ohangc. 

f 

PI 

1 

U 1 

+ 7 

19 

4'3, 

E-3 

63" 

33'-6 

UOSL 

, Relatively fixed. [Tost for ^-iiu 

a 

11 

1 

59 4 

1+ 2 

31 

4-3, 

B-a 

30fi* 

2"-5 

; 1635 

i 

; Pale grgen and blue: FA. and d, dimmuiliijjg. 

3 

PLacIa Aufl. 

22 

28^7 

^32 

30 

44, 

7-a 

172*. 

;3(y'-4 

] lOlfl 

Relatively fixed. 

y 

ii 

22 

49^8 

-33 

7 

45, 

S-E 

286*- 

r 4"-3 

: 1026 

FA- slowly decreuInfH 

« 

H 1 

32 

532 

-32 

47 

4-3,10-5 

240* 

■ 

I92& 

Relatively fixad. 
































Interesting Objects. Maps 3 & 4 — Cantlnuctfw 

€R.A. XXII. HftB, TO II. Hr«. Deo, BO'H* to 


Variable Starst 


KPOON isso. 


H AndrOnieda 

R-A 

0^ 31“ 4 

DE^& 

+ 38* tr 

Ymt. gf 

5-6-US 

S^'riKtmDL 

Me 

Parisd 

41D flays 

K AQuarii 

23 41 3 

-15 33 

non 

Me 

380 „ 

u Cttaaiopel® 

0 37 6 

1 +55 15 

3 2-31 

Ko 

... 

n 

23 55'8 

+ 51 7 

5 3-13 

Me 

433 days 

j Cepbei * 

32 37 3 

+ca 10 

36 43 

G 

5 37 „ 

T C«ti 

D 19 S 

-20 20 

5-1-70 

Mb 

mm* 

fi P«£ui 

23 1-3 

+ 37 48 

2 2^2-7 

Ma 

... 

n Scblptuit 

1 24-7 

-33 49 

6'2-e'a 

N 

376 days 


Nctii 

Long parioiJ vnriaLl^ 

■■ it 

Irregnlar varishlQ, 

Long peiiod mriftfala. 

Cepheid, fm, ^fm$ at 41'*. 
Irr^gulmr t^-pe, 

rnmw U1* ^mk 

Long period Taiis.bLd. 


Nebula and Clusters, (Maps 3 onii f} aw. aftht>\iS.a) 

S24^ M31 AmirtuiieiJflfc* 0** 40®^"0, + 41" ff. Tbfl * Great NebiiLa in Androtueda/ vjaible as & Laay ipofc to the nnJced 

eye^ Long^ or^j -uiiJ brightejiiiig towards tbo coaLrOp tritb aEmoHt 
Kt4ir4Kkfl tiuclotifl \ pliotofl by tbe lOO-in. teloaoopt! rtMotvo- the 
outer parte into atari Ajatuning ‘ red-akifc' as tlua to 
like all other eitra-gaiaotie nebulja it ia rocading^ Giongh ap- 
parontty approaching owing to the Galaotic rotation. Dls^tance 
TOO^OOO- - SOO,GOC light-jeara [ it ia the nearesl Spiral except M33 
in Triangulain^ whiuh ia probably rather nearer. 

T6fl2, H.IV is^ Androm. 351^23^'ij +43" 1,2', A reTnarkably bright^ alightly elliptical pJanetary nebula^ 3£" K 

bluiah. With a low power alruoBt sEarlike j, in a lO-in, leleacopo 
the AMBky centre miLkea it annular. All mag. nnelena le viaiblQ 
in Tery large teJeadopea^ and clear In photographar 

4D7t Il-Vll 43 C4*siflp.T, I*’16“'0, +CS8* A condensed cluster of moderatoly bHght ittara 13' In diameter^ 

Attending wliich is, however^ probably mucii nearer nj than h 
the cluaEicr. 

77&9j H, VT 30 83** 5-1*“ % + BS" 36', Between p and <r. A large eJontcr of Tory faint atarg, 

7243, Tl.VUl 75 La«r. 23^' 13" '1, + 4F3&'p A open^ irregalar clnsterp followed by a l>eauti£iil field, 

650, M76t Periei, -.. 38“ ^3^ +51*20'* A double nebula, like the ■Dumb-bell Xebula* in Yulpeeula (Map 13), 

but much smaller. It ia a gaeeciLts nebula^ and therefore Lelongi 
to onr System. 

5984 M33, TriiDg^iiiip +30^24'* Very large, laint, iU-d^finpd nebola: central portions the brightest; 

irregular nodoaitles gite it a cnrdldd appearance. Use ^eryJoW 
power DU a dark^ clear night Spiral in photograplis. 


* A Cip^ei This ptar ii typical of CIass TY. ihorbpcrifMi Ocqihcid vitrisbleis. Its mftg:nitiidci varies Errim abciut 3'S tu 4^ 
(range 0*7 mag'.), and its paiinl £a B-37 days. Its rise fh:?it] minLEdtiin to maiitniiin occurs in about l|days, and ia, thursfcir^ 
mere rapid than its decline, whieh occupiiea about l days, and ia nut uni form, hut auhiect to ali^t oaufilatlurLa, Thaw clumgaa 
are with great Mguiarity. The vartatiDEbS an ibought to be due to pulsatidna in th^i Btmnephere of the aUr, but the 

of tlin ?arLahility is still in doUbU 

























































































































Interesting Objects. Maps 6 & G 

iR.A. IL Hn& TO V|. Hrb^ Deo. 4I0”N. to SO $J, 


I>oable Stars. 


Epoch tSEa 





R.JL, 


Dbc.. 


PAr 

Di»t. 

Bat^ 

59 Andromeda 

St 

7“'8 

-1- 

33^ 



7-3 

5B* 

^ir-e 

. 1923 
\ 

30 

Arietls 

■3 

34 1 

+ 

24 

26 

G'l. 

7 1 

274" 


i 1920 

TT 

9| 

2 

46 B 

+ 

17 

15 


8-4 

119" 

1 r-2 

h923 

€ 

jp 

2 

56'4 

^ + 

21 

8 

GHD, 

8-4 

205" 

: r 5 

[1958 

63 

tt 

3 

2-5 

+ 

25 

4 

fi'O. 8-0. 
lO'O 

STT 

i r 8 

5 r2 

|lS£2 ; 

1 

M 

AuiigK 

4 

65'8 

+ 

37 

4S 

GO, 

8-0 

357" 

[ y-fl: 

iim 

14 

If 

5 

12 3 

+ 

32 

33 

BO, 

7-2 

225' 

FU-Sj 

11022 

S 

ft 

5 

5S-3 

+ 

37 

13 

3'7, 

7 2 

332" 

t 2 "-a; 

J i 

11924 

j 

y 

Cali 

5 

28 

- 

35 

33 

+■7, 

6^5 

310" 

i 2"-9! 

1 i 

|ia35 

1 CamElopordi 

4 

23 1 

+ 

53 

48 

S'l, 

6'2 

300" 

jitr-ai 

:i i 

11924 ; 

CO 

Cetl 

2 

10 3 


2 

38 

e-0, 

7-S 

232" 


ilBS6' 

y 

ti 

2 

40 T 

+ 

3 

3 

3'7, 

fi-2 

203* 

j 3'''0! 

1195& 

Ii3537 

Eridani 

3 

414 

_ 

40 

44 

7-0, 

7 1 

42" 

! 2''-0! 

:]935' 


91 

3 

56-4 

- 

40 

30 

3-4. 

4-4 

87* 

j 8"-2! 

:1B34 


9f 

3 

0 2 


7 

53 

6-3t 

9S 

84" 

i 8"^9j 

ilB^ 

h35Ce 

ll 

3 

lO^T 

— 

44 

37 

5-9, 

9‘5 

200 * 

! 

il028 

/.^IG 

9r 


4G'fi 

.... 

5T 

47 

4-9, 

54 

309* 

! 7-^-8; 

jl9l9 

32 

ll 

3 

51 e 

- 

3 

Q 

40, 

80 

547" 

J 

11922: 

39 

11- 1 

■ 4 

12‘0 

- 

10 

23 

6-0, 

i-3 

148" 

\ r-5i 

;1922 

55 

91 j 

; 4 

1 

41-2 

- 

8 

53 

6 -2, 

6 7 

517" 

j 9"-3; 

i 1023 

1 

Leporta 

5 

10-0 

— 

n 

56 

4’2,: 

10-5 

33G* 

|i2-&: 

|19Q3 

X 

*1 

5 

10-9 

- 

13 

0 

a-o, 

7-6 

360" 

2"-6 

1926 

/J 

tt 

5 

20-1 

- 

20 

48 

30, 

9-6 

313* 

1 2 ''’B 

1936 

a 

n 

5 

30^5 

- 

17 

51 

40, 

9-5 

156* 


1930 

P 

Onoqia 

1 B 

10-7 

+ 

2 

48 , 

1-T, 

6^B 

63- 

1 7"’0 

1931 


9J 

1 ^ 

12-1 

— 

8 

15 

03, 

6'7 1 

202 - 

r e--4l 

|l925 


IP 

' 5 

22 

- 

2 

26 

38^, 

4 6 

79* 

i r^^4; 

11027 

33 

9-1 

( B 

28-6 


3 

IG 


7^3 

26* 

j 2'-'0i 

! lots, 

3 

n 

j 5 

29 4 

- 

0 

20 

30, 

6-6 

360" 

jG2^'-8i 

iim' 

X 


: B 

32 4 


9 

54 

44). 

60 

43" 

1 r'2: 

;195J 

0 

91 

^ & 

33-0 

, - 

B 

27 

T'fi. S'O 

+1- 

1 ! 
J ; 


4 

pi 

I & 

33^ 

— 

5 

66 

3'2, 

75 

141" 


1925 


Jl 

I 5 

36 3 

- 

2 

36 

74 71) 

23ff 

BT 

i n-i i 

: i 

i II 

t 

fl 

5 

38-2 

- 

1 

57 

20 , 

BH9 

157" 

^ 2'^-8i 

11929 1 

52 

it 

5 

45'3 

+ 

S 

26 

32, 

0 2 

207* 

i r-4i 
t i 

|l934 


PCFEEJ 

3 

47*0 

1 + 

55 

41 ‘ 

40, 

8 5 

3or 

l2a''-4i 

|i935 

20 

W 

1 2 

50-e 

+ 

38 

- 8 * 

5-5. 

10 0 

337* 

iir-o 

1917 

c 

t} 

1 ^ 

54 5 


39 

63 

31, 

S3 

10 * 

1 9"0 

1934 

4 

Pietd-riB 

4 

42-8 

- 

63 

33 

fi'fl, 

6-4 

5B* 


il917 

E4fi2 

Taori 

3 

343 

+ 

0 

26 

ao. 

8^2 

253* 

1 ! 

j 6"'5! 

|l934 ' 

X 

PI 

4 

19 B 

A 

25 

31 

5’7, 

7-8 

25* 

ilS^ 9: 

il934 

S559 

w 

4 

SO'S 

! 

17 

55 

TO, 

M 

377* 

1 3'‘-0| 

11924 

a 

M 

4 

33-0 

+ 

16 


10 , 

11 2 

34* 

1 i3r; 

jl923 

1573 

IJ 

4 

35 4 


26 

51 

3 B, 

6-5 

198* 

1 4''-!: 

ilfi37 

113 

'■* 

1 ^ 

26-2 

+ 

25 

7 

B-S, 

6 6 

203* 

[ 4-8^ 

i 1030 

i- 

wS 

Triangnli 

1 2 

SB 

4- 

30 

4 

B'O. 

64 

74* 


[ 


ItolutiTiely fixed. 

White Aiid hlup. Relatively 

'ITiera i* b lO’S mflg. abaf at. 110*^ d. 25"' (1915) 

Teat for S-inah teiesoopo^ 

Triple, 

Vfirj alowly incrEifcaiiig, 

11 mag. Etar ftt ll"'l diatonw. 

Teat for 4'iDc;h teleacope^ 


Relatively fixed. 

Yellow and blue. Rolativaly fixed, e.jj.jn, 

3'7 njflg, etftr yollemrifih, Liule relfttivo inoveh 

{ment, 

i «■* ■. . ■ + k ■ 

TTery alo w increaae of 
Little cliange. 

Tile 5'0 s.Lar k a clow double, 0"-5 (1&30). 

P.Ar slowiy increajiiiig. 

Topaz and green. Pine oontra^k 
LittJe ebange^ 

Raladvely fixed;. 

HektivoJy fixed. 

Ytiligwieb and blukb. Relatively fixed. 

P.d. IncreasLng. 

Pine field. 

Ko change. Otljer itata in fieid, 

Pifd. The attendant is bluiab. Teat for S-in, 
P.d, alowty JBcrL^iag. Teat for 4-inch. 
Relatively fixed. 

Relatixeij fi}ted. 

Relatively fixed. Very fine region. 

The frapfEitim in Orton. Two other star» a 
Eelatively fixed. XabuJoasglow, [tLst fqp 4.]n, 
Fine group with ntrlking nolou r^, B stara in 4-in. 
P^A. alowly iuoreiiaing. Teat for S-incK. 

To^t for Sdiioh teloi^enpOi 

Yellow and bluo. Several taint 
Closely / SSPersci. Teat for 3-incia.. 

a-p" ■■■ 

Relatively fixed. 

Slow ahaiigft. Probably a binary. 

Relatively fixed. 

ratt Distance increaa ing from p. wi. of A. 
P.d. deert^asLDg;; dUtanm incrgnairig alowly. 
P.A-. very slowly increBaing. 

Ybdow and blue. Pins pair^ 






























lNTERE8TtNQ OBJECTS. MAPS 6 & 6-Cpi»«nu<irf- 

ilp TO Vk Hfi0- Dccl mO'§L to BO'BJt. 


Variable Stars. 


Efooh ibhcl 


i 

AurlgE 

R.A. 

41 * 

Dee. 

+ 43 * 44 *' 

?ar. of mag. 

3’3-4I 

0 

Cetl 

2 

Ifi'S 

_ 3 

12 

1 7-9 fi 

R 

Leporii 

4 

ST-3 

*14 

53 

6^-l0^4 

a 

Orknid 

b 

525 

+ 7 

24 

0-5-M 

V 

tp 

5 

52^ 

+ 20 

11 

5-4-12’3 

p 

Psr^ 

3 

2 0 

+ 38 

39 

3 3-4+ 

jS 

H 

3 

4 9 

+ 40 

45 

2 3-3'fi 

X 

TsBtrl 

3 

5T-8 

+ 12 

20 

3 3-42 

K 

TrLEnguli 

2 

340 

+ 34 

3 

5 8-130 


^peclruin 

Period 

NaUi 

P&p 

2T14yrs. 

Spectraacopio Sinsry* 

Me 

331 daya 

J/im, Long peried vsrisble.* 

N I 

430 

Hind's 'Crimsen Star^' 

Ml 

■k I I 

Irregular vaiiable.t 

Me 

374 days 

Lnng period Ti^riahle. 

M2 

t + > 

Irregukr variable^ 

B8 

2’87 days 

Al^oL The typical AEgoUd.f 

B3 

3-9 „ 

Algoli eclipsing type. 

Me 

5570 

1 Long period vatrLabl*, 


Nebula and Clusters. 


(Maps It and 0} 


f Ufilcttcrfti Art eAsm ^ tAc ^ 


1912, ms,, Aojifft, 
19G0,ti 
2099, M37, „ 

1069, M77, Ceti, 
197C, M42, OriflMifli, 


7\ 

Qb 413“ 0^ + 32* 33 ^ 
2M0“ I, - 0"15; 

fit 32**^ 5, ^ , 


A flftnkiTi^t cruciform cluster, in & giarious ncighbovrlicMod. 

An open cl aster of itspi^ of ma.g.S-li, regulorlj amnged. T/4^ Aarigaa, 
Mae open cluster. Ruddj 6 tb icugbitude stAr aear the centre. 

round, fAintisb nebolii^ centrsllj cond^ns^, ^dlgkdy 

The Or 0 iL Nebula in Qrion^ visible to tbe naked eye bjl & Orion is. 
A greoniab* irregular, fan-shaped nsass, beit sCen with a low imwcr, 
With higher powers, the bright ^Huygeniaii* region ahowa a 
mottled app^aranoB *^ljkc tlic bn>akiDg np of a oiackerel aky' 
(Sir J. Uerschol)i tndudea the ^Trapezium’ (see previous page). 


S63, E VI 3a, Persei, 
8d4, H.VI 34, ,, 
1039, M34, ,, 

U3JJ, TEud, 


1952, Ml, TnuH, 


2t I7W3 -|^6fi*55' ..Two megnificent clnirter!i, viEthlo to the naked eye, and fine objects 
* I even in small teleicope*; the diameter of each ia abodt 4S\ 

2^20“ -4^ +5G 53 . J There is a fine ruby ataf near centre of S84. 

2** 38“^'8, +42^32^, A Hue loose cluster, just viBibk to tbo naked ejo; it contaloH tho 
double ttar 0^4, A low power la tcquiired to cover tbu large field, 

3^*43“’3, +33“ 37', Faint nebola, near in tho Plsiadoa—& cluator whiek rec^niraq 

a very Large fiold j well seen in finder. Ordinary eyes see six or 
seven atara, but aumo can count many more,. 

37111 -5^ +21" 59', The * Grab Nebula,' near £ a faint^ oval, gaaeons nebula. Its serrated 
outline U visible only in large instraments. Discovered 1T31, 
and forgotten; its rodtaoDve.ry by Messier in 1758, led hini to 
mako hia catalogue of I €3 nebuiiA 


• Jfiro* 'The Woaidwhil.^ It wiiieeD u m mWitar fora tew weaka hfj FEhndkn l4 lEflS, jsd by B&jsr m 1508, whocalaJufq^ \i m 
4 Cits. Itii SnviflibiB iHJspt in a itLeMopB for sbiiiit B fii4iEitha,fliEking taa mialftiuni iif fl-’C Ld S-fl mag..; tbisa it twwmw vuille tif tht eiXmI 
m fnr ibout i mentbp, Hjiog al maiiinuEn uijattlly to Snl nr 4tli 3»*g., i™t iomaCimH to ELh nr Sod mug. 1t« Ha4 !« tppid thui iti 
fill, a t mftxitnttffl tbi light iocrwei -iniDo 1400 tiioAPd. pptMMnlly u the nuul i nf euUmriOi of bylirngED gw. M™ jwriod ?3Q dijR, witln 
lETgV nJrE&tioiUL 

i BilsiffttiM ifl map of th* reddest of tho brlgLl tlm. Its anguliy diiWEter, msaffured by tba inUirfwwtnBtttf with th« IM-in. 
im pbiMat gi^'icg au kdtoBi dJjunptef ai iboiit BO0,CKS0,00O naltei—large enough to Eno^eda etitly the wboi* orlHt of tbi taHh. ^istom 

the Tirjt it appean ihmi. piilutury change- In tkfl itar'i diametor umJ be coDiuiciEd with ita Taria.bmtj. Betelgnue hw a meon 

dannlty abinit 1 cnjllionth Uiat of water or tA'S ^ *“" 

* Ai^u. tte name, ^Tbe ItemDE fUggatLi Lhat ita wialuiity wu known to the Arabw nmLnnn wge>. It h tlinoiJ of U» 

eclipaiag' TwTAbteL Ita inagniladfl ter about Ed. llh. h mUtaotiatly conetaDl at S'S, but wEllt a, iligbt umndary faU and H 14 . of A 

it half-way ^ it than dec-iwei mpi^iy ^ about b henn. aod In an»Lber & boLirm resaiiu iti origioal brigbma. Fertal mlt^ 

flp batifi. The ehATig^i of l^gbE le dua to two *ta«, ona bright, the othtr faint, ttry ol™ tegotber, rvte^vEbg mmi their wtanm smOn^ 
fta^ityi nwd iw Lji. nfcll y Hlipoing op^h obluer, A thbd at-r ii inolnded is Lho lytt-u. 
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Interesting Objects. Maps 7 & 8. 

<R.A. VL Hrb« td X. Hna. Oho, OO'N. to SO'^Jt 


Double Slurs. 
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539" 

i r'7 

1927 
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26-6 
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507" 

1 0"-4 
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h42S0 

It 

9 

320 

-46 
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6-4 

210" 
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R*lat|Telj filed, 

RelatiTflly fiied. a.p.m. 

Tlektiv^ly fiK)ed. 

C.p.Tfk, 

f P, 60y^?ar*. Widest l"'l m 19C0. 

I Third fltir 5 5 mag. At diatfiDce. 

PA. sEoirlj increasmg. d. constanL 
tittle chftDge. 

Y^e^lew iLDd btiia t fine Ko 

FA. atflwlj decrieAgmg. Teat for 44noh. 
ReletiveLy flAed, 

Relfttivtiili' fixedn 

The Dog Star. Widest in 1975.* 
Ybliow and blue. Little obonge. 

RelatiT&Ej flxsd. 

11'2 sQfig. star at 21 ^ di^t^ce. 

Yellow end blue. No cbnnge. 

PA, deors&aiug. Increan^ in dT^tauco. 
Eelativeij fixed. Light test for 3-inch. 

^■3 mag. star U yellow iah. Test for 2dDeh. 
Giisior. Yeiy fiae objecL t 
lUJetive]j fixed. Delieate pair+ 

I* np 5 Hydra. Helatirelj fixed, 

FA^ increasiag. A a eloae 15y€m' bkaary. 
Distance decreflaing. Light test (or 3-inoh. 

Cldua biimry. Period 117 yearn 
Light te$t for 4-meh ttilsscope, 

II, ■■■ Mali 

Direct movetn-eatp Orbit deubtfuL 
5'3 and fi'l torju a biliary j vorj tong pfirind^ 
Relatively fixed. [retrograde, Toat forfi^in. 

light te^t for 3-iaob teleecope. 

FA^ deereaaiog. 

YeiDow and blue. Grand low power field. 
Beaedfiil fixed triple star. 

Binary. Direot movement, 

Relatively find. 

mmm •i-i- 4 ' ‘fP- 

P.^. dim inishing fllowly. Test for 3-iiicb, 

P.ji. increasing, decre«fimg. Tost for 4-iii. 

Binary I Period 113^ years. 

10th iiiag^ atar at fiS'" d. makes with A,^ b 41 
Fine contrnst in oolooxa^ 

FA. slowly inoretMLiitg. 

Bimiry- period 34 yearns 
PA^ slowly iucr^iug. 




























Interesting Objects* Maps t & s—cort«n«ed. 

(R.A. V(. Hiro. TO X. Hh*. OiO. 00 *1. to eO'S^>. 


Variable Starst 


ePOOH 18CI>. 
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48 

fi'0-13a 

0 
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Tl 
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+ 11 

40 

50-10-5 

Me 
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It 

9 

42 G 

+ 34 

4i 

5-2-12 0 

Me 

370 


6 

22-S 

+ 7 

7 

6-a-6-8 1 

OB 

27'0 

-pi 

7 

12 0 

^44 

34 

4-6.3-2 

Me 

140 


7 

K'l 

-49 

6 

II 41-4-9 

Sip 

l-4Ci 

II 1 


STbtw 

Oaphei-d Tariabte. 
IrODg pDriod Tarwblb^ 
AlgCil type. 

IjQtig periocl Ttri^ble. 
Ofipbfild TirlBrblfl^ 

Long period variable. 


Cepbeid vaiiablei. 
Long period varlbbltiL 


Nebale and Clusters. (Maps 7 and8> (Df>ifiuniif«.mr€aim<>fi!ii.v.s.o.) 

aS32 M44, Cancri, 8'37“‘2, +30*10'* Prmmpa {thfl BdP-liivo) of the amaiento. A largo BcattoTwJ claiter 
' * ftlmott roMjlved by the naked eye; containB aaiuo orangO itaia 

* Bwt seen i'n finder, or itb very low * power. 

8682 MC7 n 6*^4fl®’5, +13" A roughly eirtsulirrj open oluetcr of Esiiit. atari, diem. ^7\ Low 

power objoot* 

8287 Mil CiiiiwM.j.t 61^44“ 9,-20* Iff, A fine open eluBter of bright atars in caproi. Jnrt Tiaiblo to tho 
' ' naked oye. Them i« n ruddy alar near the centto. 

2168 M38 eenmonin., 6>- 6“ -7, + 84* iV. Fine epen clnater ot bright atare in strenmB, iritli many fainter stare. 

* ’ Between « Geminoruofl and £ Tatiii, a little to N, 

2333 H.IV 45 „ 7*^28" "3, +31* T. OtbI planetary nebula, about 95' in diameter, with O'S mag. central 

* star. 

2244 R VII 2 KSonoctr. SQ^’O, + 4" Cl*. Bojiiitifiil open eloater of 7tb to I4tb tt&Wj viilble to the naked 
' ' ’ ' eye. Includes the 8th mag.'giant'yellow star IS Uonoaerotia, 

probably nearer than the olueter. 

2506 H.TI 37 « 57“-5, -10*37', Fine elcud of lain* atare, mag, 10 down wards in grand region. Best 

’ Men with low power, 

2437 M46 Poppie, 7^39"'5, -1**43'. A beautiful cluatar of Bmal! ttare. about 3ff iit diameter. On ita 

' ' northern edge ie the iiregular planetary ring nebula 2438. 

2440 11.IT 84 II 7’'39“'5, - 18* O'. A bright, bluiahi planetary nebula, in a rich neighbourhood, best seen 

' " with a moderately high power. A 10th mag. ruddy star foUona 


• SWm Th« triahlMl star. B -1 w™ ISSi sna 1841, BeWl fmad that It h*4 wavy irmgnUritlM la Its proptr Tnotitm. sad came to 
ill. maduiicii that tb* Tiiibt* lUr meat ba lartJvinp roend lha «alre of pavlly at awl an mTisiblc compaaKU. sUr. id a pcTipd of 

151^0^™ Th* aaiui ft about 601 oiagDituds. waa aiKOTWTd Clark in ie$ti Dear its prwlietod pltoo. Ualaa atmoipbenc eoa- 
dilinu s« ll “ diaaiit, or impoMibla, to »* It bthu wJwn widast, thungk H ia lODiatimm TbEbl* m a IdcKop^ Id I Mt, whoa 

(alj^t g'’) th. faiDt atw wai iDwiiihls. It wio DMt smd bj Burnham in 16« W. lod wittraod to lU matlauia dUtoaua of 

Ir? aLit isai It i» now (1089) rapidly clcoiEff. Md t™. I9t0 to ISBO will b* InoMbla in dl ««(* llto larg-l tole^pos, *£>* ^ 
i * ‘whit, dwarl' rSneetniDi about F7), only ubnul l/lC.OOOllt u bright u Ita iirfmary, but «flh arnBU faa graat. Ita donnty u S4,008 
Sm« tiLt at SuHr^a^to that af -.tor. Ito diamotor i. aoly about a«,«a mUoa. but it ooutaiDi altttot .a muri. toaltoTM 
tia Siti^wh™ dlniel® U mib*. ¥yi»Uitj {im} obUiMd dlffertiit tmuIU, a na™ mi^DiUtdijof a dlimatET irf M,™ miteA, 

U]4 A dwinStf eoly * flf tt*! ujutily fcileptod- 

+ (httJf i T «7 Boa douWo and biD .17 ^ ■1™ rttragnda motion, with a panad of about 885 yaari The comjKHinl itin 
«« at Ibrir -id-l dietauo. apart, 6'-fi, abcnHE80; th.y ara now ciwiiDg -id -ill codUpmIo da „ W ■□mo y-ira. Beth af 0). 
qiacUOKopie htoarioi. wiUi perioda ofabout B aad 7 daja Mspoe^Tclj, A thirdfulnt itar. alau a dwb btaafjf, fema part of tbo aamasyat— 
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Interesting Objects. Maps 9 & 10. 

fRA X HiiA> iro XIV. Hna. Dm. BO'N. to SO'SJ. 


Double Stars. 
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Not** 

P.A. slowly deorisftsing. Stare bluish 

P.A, decr^uingp 
BBtatiFely fixed. 

Cor Uar^i. HelfttiTely fixed. 

period SiK) yo&fs. F.A. decreoilog. 

PuA. alowlj docrf-aaiug, 

Littla change. 

EoLaUvtily fijcod. 

Biliary^ period 80 jam*, 

Rolativ^y 
RelatiTBly hxed. 

Little ehacLge, 

Rcjlativeilj Exedi 
P^. incrcfljiiflg* 

Little chan|[e. 

Binaryp P. SCI y- Widening, P.Ar deeroasing. 
Yellow and greeniiL white. Eelatiirely fixed. 
Ijong period binary, F.A. increaflic|f. 

P^A. II mcreasiitg. 

Roiativolj fixed. A \» yellow. 

Slow incrisase of F>A^ 

Rolftfctveiy fixed. 

/^.ji.elowly inorea^ipg. 

P.A. deorenflingr 

Bin ary j P, 407 j. P, A. and dlatanee inereasing. 
Little change. 

Slow mcreafie of P^A. 

Binary of uncertatn period, dosing. 
RelatiT^ly fixed. 

Yesbow and iilfto. 

9'0 magnitude star at fifi'' dlstanoe. 

Little change^ 

Little ohango. 

Binary^ P, 60 y. dogeist ff' 9 in 1933. Widen- 
RolatiToly fixed. [ing to 3" 3,1980. 

P^A^ slowly decrea&iiig. Gomef Trariablef 
Haked eye pair with Aiior^ 

RelatiTely fixed. 

Closing; F.A. incTeasing. Fine contrail. 

Relatively fixed. 

Bektively fixed. 

A xplendid biliary star.* 

Test for 3-ineli. lOth mag. atar at 71" distance- 
Rekativ^ely fixed* 

Twt for 3-iiich teleanope+ 

I Binary* PA, inareafling. 














































rNTERESTlNG OBJECTS. MAPS 9 & 10 — Conitnuc^M 

CR.A. ^ Hea. TO XIV. Hhw. Deo. fiO N. to 

Variable Starsii 

epooh laso. 
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Me 
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Nebula and Clusters (Ma^ 

420^, U.V 12^^ IS™ D, 4r 34\ 

iaM3“ S. +42" 18'. 


5<9£S, U63 „ 

51H MSI 
0272, MS 

S373, A309, Cafiiaw, 

3022, A323 p, 
5139, Centsnri, 


131 ^ 27“-a, +47-27', 
13** 39“ 9, +20*3^. 

10^ 43 -^-Op -59'25'- 

IP 4“-3, - 56* 24'. 
131^ 23“-7, *47* 3'. 


4501, MSS, Coca* Bur., 12^ 29” +14" 42'. 

45655, K.Y 24, ,, IS*' 3a™ 9, + 26* 16'. 

4&3e,M64 „ 12^ 64”-3,+21-57'. 

3242, ELIV 27 Hydr® 10^ 22” 3. - IS" 23^ 
3S87p M97 UrsKMajonj ll*" +55" 17'. 


9 Mri 10) f FnJfttcrccf art thsM ts/ike 

A Earge pesr-Hhap^d R&bula^ with, nucleus In tli 0 Bouthem part. It 

11 actuidlj a spiral with two mala arma, and manj coudau^tiona. 

A bright, oval n^buloi 5' ^ 3*^ witb ceDtral aucleue. An Stb mag. star 
cloQOlj preced$ 4 . In photographs it appears as a Bpiral, with 
cemapacti whorls* 

Tbs iargiar of two nebulfs n^arlj m contaety fSpLmi u seen in 
12-icLch telescope. 

A bcautifui+ bright^ eondeiiscd globalar cluster. The pnter parts can 
be resolved into stars with a 4-meb lelesoopef HJid the whole 
cluster in a 6-iiich. with high powef. 

Th& ‘Knyhala Nobula,'a diiTused branching nebula ronnd ^ Arg^i. 

GsBADtiS* 

A mag^iuBcetit nluBtar of stars from Stb-12th magnitude. 

A noble glo5jular cluster* Lite a Uille^ cOmetv nearly 4t!] amg. to 
the naked eye. It is 30' in diameteTj. and contatus tbouBanda of 

12 th and 15th mag. etar^ 

A long.,, bright nebnla, 5' ^ 2', with bright centre and eondon^llons, 
Many nebaftc in this region. 

A niucb atongated. nsbula, 15 'k 1', with bnghl;! c^ntre^ and dark 
longitudinal centre atreak. Th& targent cdgiewi^e Spiral. 

The * Black-eye Nebula*' A bright^ ovaJ nebula, with a dark oantrikl 
area of absorbing loatter^ visibJo In largo teleficopcq. 

Planetary nebula, 40" >4 36'^ with brighter inner ring, pale blue 
titih 2" of ^ 

The *Owl N&buliL' A large, faint planetary nebula, y in diaoicter. 
Large aperture, low power and clear night are required fer 
a good Tiew. 


* T Pirginkt, A fins bnwry ibar with apvn-:^ cFabout 130 jpmri. It« In 17IQ Eci lUitwtiK wn It utosed 

up lltl ib IftSa it. ippared nag-hi iu aJl but th? Grtit DDr|iat rarraotor (B+Ill apsKum), which e^eogated lha plar. 'nws piw 

tbflb widwifti, bowtniag ao wy tbl«Ci>|HQ obiwt, and raaetma^ ita widMt{6"-2| ibout 1930. It it bbW (1B30J iJowlj cloaing, aad wUJ 
agtin appwr cccept hi iniU-iunentP, tloout tli* 2019. 

t n Cbruua It wu mmn M a 4tli uugnitaiit tLtr by BaJlcj in 1677, %»4 ^ifiaittea hnlmm duii ma^aitud^ imd ^ tid whtB 
It ta PBacblng lit magDititdc in 1527. li fall 2nd mugaEUid* far aboat 6 jaart, rcaa to oug. D in 1339^ miUhialag: Jtigd, 

fftdad aoEnawba^ ttnl tb«i, in l9i^, basam magr -I'On *bciiit m bright u Frticn tbnt it d«liuMi till It beeama 

lB™bk t& tta naked ey# aVout l5aa-fl3^ 7tli 1070. Si™ tb«l it hm* btA aLaugedi mu^li in brigblueai. U baa * |iw«llir ■ptcmni 
with bright Mum, aud ibould, pwhapt^ be tlaHed with tba 
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Interesting Objects. Maps 11 & 12. 

(ft.A. XIV, Hna, to XVIIJ, Hab. Dkc 60’N, to e0‘8.>. 


Double Stars. 
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iNTEfr^sTrNG Objects. Maps 11 & 12 — ConttniMd, 

(R.A. XIV. Hr*, ro XVIIL Hr*. D«a «a'N. to ao'&X 
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Notes 

LchU^ t>$rjo4 T.»nablo, 
Irregular vsri&bk, 
LoDg p&rlod ^ELriabl^L 

■i ty 

IiTcguInr viriahle.t 
tt »i t 

it IT 

Long period variable^ 
Irrsgutar Tariabie. 
fi Ljrof typa 
Algol typa- 

■I ti 

Cspbeid type. 

n n 

Long period vanabl#, 
Ixing period yariabi«, 


Nebula and Clusters* (Maps 


6205, M15, RcfcuUs, 

Jl6»‘39“'3, +38''33'. 

6310, S5M 

leua-'l. +28*64'. 

0341, M92 „ 

171' IS" 6 , +13* 13’. 

fi0fi7| A360, NonuBt, 

jfii. 910 . 4 ^ _ B4* u'. 

6273, Ml9, 

16i‘S3“-S, - 2 fl* 12 '. 

6494, M23, SagiKuiip 

17*' 64'" -0, -19' 1'. 

6095, MbO, SccHpiis 

612L M4 

6405, M 6 

6475, M7 

B904, Ubp Scrpcntls, 

laMl- l, -23'51'. 

-26'34'. 

17''86“ '7, -33' 10 ’. 
171*50'"‘7, -34*48'. 
151* 16“-9,+ 2*16', 


II and ti) (Ntii. «rf fiAett o/lAt 

Tbe 'OrBat Clneteir in grand globular cLpeter of thoasandi 

of atains^ just yiflibk to tbe nak^i ^ye, about ^ tbe dutanco htym 
7 to fn CentraLly resolved Ln S-iaoh tekacope. 

A small^ brighti plftaetary nebula, with a blnisb di*a about S" Id 
dlamotor, and surroucLded by a faint glow, tp 51 Herculu. 

A very fine globular olaater, about fl?* in di^nneter^ reMtnhiing MlS, 
but emaller aed closer. It forms a triaoglo with r ani} 

A large rich duster^ 2V ib diameter, composed of stars of lOth-lSth 
n»agnitudo. 

A fine gtobuiar duaterp 5 * in diameter. Tery low la the latitude 
of British Isles. 

An Open duster^ i7' in diametarj with stars of 9th-]3tb mag. Fine 
low power field. 

A bright^ and inuch condensed globular duster. A mass of fain t stajv^ 

Easily reHolved duator of rather faint star^^ 13' in diameter. 

A moat beautiful open duster of stars " iite a butterdj wi £b open wings.*" 

A bndiant open cluater of bright aiarsp visible to tbe naked ey<e, 

A fine globulAT dnster, 15' in diaiucter, composed of llth-lbtH mag. 
atarsp with much-eomprosieod cantru. Cloaely np 5 Berpeiatis, 


• jtTjprei wu w euned hj the ClrH-ki fpml lU rilnilariiy to tli* ruddj Mara far«t, 4rti) in rvgiinl tc oiaiotirr It is a v*y liunuLDUB 
bLbj (^pectruu] MO)p witb « dlAcuBlAF af abaul 3i7t3,000,ua0 mHw. lit OBma^ greva ip cdobr, li aat uAtmJly ttmn EMSpt whes 
■tmoopbAric ccudilioUl srft fAvaMHiilsL 

f B Fnir 7»n, wmBtuiiH u muiy u am«r tMi aUr rn^i^uv at itsBomiml liH^btE]e8i of Aba«t9ib msjpaiiuijqi, 

TWn It 4vrJrtflJiflA npMly Ly MveraJ mAgnitedei to a miaimnDi mAgnitudi! of 12-*, After a time, or alnsr mwvral yeeji, during whiak 
BaJout Uurtualioafl ocnir, it rfm rngmln tc Iti roMtoit} LrfgHtA^u- 

t T Cor^fna * Plwt« Star/ In May iaC4 Ihu Atar rw &uddBaTy frgfia fl'B to 2iul mt^nhudw. Nin* Onyi kter It 

{nviHble bC ll^ tidcfid bje^ sad aftar a few weeks it fell to the 9th nu^ituifeh It revived tc 7Lh megniburlo mad then 4«imfied m 9'fi 
aid lilar beiuE inruible to the caked eye for nearly SO yen, it me to Srd mee, cm F«bv 9, 1^46, but tgiuit faded rapidly. 
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Interesting Objects. Maps 13 & 14 ^ 

XVIIl. His^ To XXJI. HftA. Diou QO'Nir to QO'SJ. 
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Tflit fflr 2-iiicb t«leqeop 9 , 
filed, 

Optie&l pair. Test for f-inch teleficope. 

Cflmsf best a*en with high pow&r+ 

Li^ht-teflt fof tetescopd. 

little obAbge. Teat for ^^ioeh teJeseope. 

Jfeked eye pair. 9 tnag. at | 

B ia a ploae double, T^t for 6-iacb. 

Relatively fixed. 

Diatance and F.A. alawlj dtiejrmaLng. I 

BeUtivdy fixed, c,p.m. j 

Tc^t for 4^iiicb4 Hlowly deer Easing. 

Binaryj period about SOO years. j 

Bebitively fixed. 1 

Binary, period ftbont 120 yeara. Test for S-in. 

Beautiful field. 

Yellow and blue. Graud contmat. I' 

L&ng period binary, 321 years. Teat for i-iiL 
3low decrease of and diatance. 

Test for 2-iiit;li tclpscope. 

Yellow end blue. 

In the bmnclimg uobula G9fi0, 

T^t for 2|-mfrb t^Ieeeope. 

Bjatanou logrpajiing from 16', 1780.* ; 

Binary, period 49 yeara 

Yellow and emerald. 

Triple star, 

TriploL A + B form a clow biiiaiy. lOl yra, 

Two faint cetnitof. 

Beereasing F.A. 

F.A. deoh&aaiog, distarLce increoaing. 

Vigo. An optioflrl pair, Distanoe incrcAsing, 

Tlie “'Double-doubI*/* and i* are at 2(>6" 
dSatauce j each fa a binary, 

TtclatiTdy fixed. 

Tlireu other amaJl paira lU a low powor field. 

Binary^ Widest B"'“7,1935. Oloniug. 

Relatively fixedn 

A ia an extremely clow binary. 11 '4 yean. 

P^A. inoraislDg. 

RelatiToly fixecL 

Test for 3j-iiieh teleFscopoL 

Flue poiri c-p.m- 












































iNTEtiESTiPdG Objects. Maps 13 & 14 — C9nttnu9*i, 

<RA XVIII, Hk*. to XXII. Hm. Dio. aO^N. to 60'SJl 


Variable Stars. 
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Fotw 

Laag: period mrl&bl#, 
Cepheid type. 

7t IP 

variAbl^, 

Short pfrHod varEikhl*, 

Laiig pETiod* Mim type. 
Short podod VBJ-jabl$L, 

Lon^ period VAnkble, 

Thfl typical Lyrid variable, f 

Irregqlar variable* 

Cepbeid type* 

If Ip 

ii ps 

Irregular variable. 

Cepbaid type. 


Nebula and ClasterSL (niapH 

r009. VLIV Ip A<iiiaril, l“-t, ^11*^4^ 


T089, M3 

It 

211'30“‘9, _ 1- 

ma, M3B, 
6730. M07, 

Cygni, 

L.r*t 

211'30“'6, +48*13'. 
18''53“’0, +33'58'. 

6ST2, 26, 

OpUadil, Ifl*’ 10 “ a, + 6 ' 60 ', 

7078, M15, 

Pse*”p 

3l‘'27“ '6, +11*67'. 

3533, M8, 

Sagittarii^ 

IS*" 0“ B, - 2t‘ 23'. 

G618, MH 

■1 

lB»> ia“-0, -16*12'. 

6G56, V33 

n 

Ifil'SS- 'S -33*67'. 

6706, MU, 

Scirti, 

ISMS"’2, - ^* W. 

6859, M37, 

Vclpecnlx, 19''67“'4, +22'36’, 


10 and 14) (U^hltti^d Mii. an ^i;h4 

The ^Batum Kebuia.' A very bright, bluish ^ planetary nebula^ 
25"' K 17^', The thin rays or ajiaik^ are seen with iar|^e toleGcopei 
only Precede* v. 

A globular oluster abont V in diamat^. A object in large 
tolfflcopea 

A large^ opBii eloater of bright stars, tcII aean with low powers, 

The '■ niag Nebubu’ | the distance from ^ to wards y An oval^ 
planotaryp 80" x which bears magnifying well A faint star 
/ is seen in a i-mch. The f aiaCer central star ia visible in large 
InBtrQmenti only. 

A amall, bnt extremely bright, elliplioal planetary nebula, T* in dia¬ 
meter, of a bluish eolonri It ia, parhape, the brightoBt of its kind. 

A grand, bright^ oonclenseil gloLnlar oldater^ 6^ in diameter, blaring 
in the centre* 

The ^Lagoonl^ebula,' dstblatoi the naked eye. An lil-dedned nebuloeity 
with dark patehes and stare, followed by an irregular open cluster. 

The ^ Omega* (Q) or'Horseshoe* Nobula, A bright and largo nebula, 
in shape something like a figure 2k with a long, bright bottom 
streak. 

A largOi bright, glohular ckster, about 15' m diameter, between 
and cr* The larger stars are ruddy^ 

A grand, fan-shaped cluster, with bright star at apex. Dark 
atrtiotiuroa to the south. 

The ‘Dumb-bell Kehuliw^ An ellipse with faintly lummous notches. 
Seven stare—probably tinqopneoted—are visible in a lO^inch 
inatrumant, 


* SI Thft SntBtiJ to iti paraHoE detarmlned, by tkiuat in ISSS. two Btan prohably fonn a]«Qgp«rle>^ IrioErr iij* ilww 

■lan b>va liie umo panJIiJt, ud thm palb B rriati^v to A U xJIgliti^ 

t ^ ig™, The typaCftl "Lyrid' or"Bright-ocbpiSiig* f*riahla It Ioma two unequal ainlmi {uugt, &’0 aod iwparated ky tv4 
frqual moxiuM (mag. 3'4). Tba varifitinlM at light on doo to tho muturi kLIjih two uneqaally bright etoire, very doH logetlief , jjiiJ 
•lijpHdtlal Ld ebapa mm tlu E4iult ol tidal dbetoTtloa. Piiiod IS'SI dayi. 
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Objects. Maps IS & 16 . f&or 'Stfbwx} 

<OlirCilHiPO|JUI, SOUTtlX 
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in 

ton 

t 

•hi 

a 

78 

-68 

28 

^■5, 

S 'O , 

22^ 

6"-l 

1922 


F.A, iucineBiilng. 

P.A, in^ireuiBg, 

little chmigia, if inj* 

P.A^ and diataneo slowjj decTcniing. 

A U a gJoie dmible^ distaiiee (}^'''4j 1S27, 

Belatlvolj E^ed, 

fl.p.m. Eelstl?e]j filed. 

Little change. 

Little change, if any. 
tittle ebuig^ If any. 

= Ck^r. 167 -(Innes), 

Splendid binAryp jP, BOyra.^ Snd neareat Btar, 

F,j 1. increaaing. 

Slowly lac reading PrA^ 

YsUowaiLd red, c.p.m. PAh slowly dearevnng. 

EeUtively fired. Tmt for LiBcb. 

Daoreafting F.A. 

Hfl-lfttiTcly fiired. 

P,A. iBcreojliig abvij. 

Little change^ if ujay, 

F.A. increasing. 

Helatively fixed. 

Eelatii^ely fixe A 

Mo cliaDge since 1B?T« 

FA- deerBOsieg. 

Little aHonge, Colour contrast 
FA. and dietanee Lnareaslng. 

■s Rmt F.A. slewSy dccreoalog, 

A doubled by Innea 18§&. Mot seen, 1900. 


!■ + + 

little change, if any^ 

= Rint20. [4T. 

H^llora n. h*A HAMtitA 9iJi DOAg. at 43" and 

'Superb Object.^ 6tJi mag, star at 0^*% 1995. 
Low power in eludes 12 T| a ciooe binary, 
eptn. 

RolatiTcly fixed- Colour contraat. 

FAh decreasing. 

No appreoiablo change. 
fa, ftiowly increoaiug. 

Relativaly fixed. 

Little change. A t* a apectreacopic binary. 
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Interesting Objects. Maps 16 & 16 — Cantinuv^^ 

(OmCUMf'DLitlffrp SoUTH>- 

Von Able Stars. 

Epoch 1911^ 


& 

Apodis 

A. A. 

J 41 . (jfti.fi 

Dtc. 

-7S- 33' 

Var.Gf EDAg. 

5“l-6’5 

Sp?»(irnm 

M3 

P«I7i^ 

N«E4i 

Irregular variabte. 

R 

CarlEUC 

9 31'0 

-62 

34 

4-5 “100 

Me 

309 days 

l^Bg pf^riCHl Variable. 

1 

,p 

9 43'9 

-62 

17 

3 6“5 0 

GO 

35 5 ,, 

Oepheid type. 


tj 

10 7» 

-61 

19 

5 8-90 

Mo 

14& pp 

Long period variable. 

K 

Doradus 

t 36‘3 

-53 

10 

5-7-6-6 

M3 

3S0 ,, 

n ji 

R 

Muses 

12 394) 

-69 

B 

65 7 a 

Ga 

OSS „ 

Short period variable. 

t£ 

PauDnia 

18 518 

-67 

IS 

4 0*5 5 

FS 

9 10 

tJepbcid tj'pe. 


Novju 

NflTB PicterLa, IS25, G*’ 55^*^ 2 - 62" 3B . 

Dif?ooTeTieid by H, Watson, in Sovth Afncar **^6 ear]j inornm^ oi Maj 25t1]| 1S25. Frti-m its inagnitude uf 
2'3 on tliat daliBp it ttPSJil to 1^7 Oti May 2St!b^ btlt by day bad falltin io b&low 3rd It tlieii brightened 

Againp raaebing mag, 1^1 od JiiCft 9b3ip feD to mag, 4 on Jniy 4th, and fefla again Co mng. on Angui^t Sih. From 
tb&t brightneaa it fell, with nainor doctuAtio&H ol light, till od Dec. 25th it wbb about Gtb mag, 1 b 1235 it wa,'^ 
about 9tb mag.^ at which it had been (or aome years. In Ma-rch, 1928, it was found to cOEiaiHt of two neboloua 
eompoauhta about Q"'5 diatant froni oentTo to centra. 

An eAami nation of photographio pbtes, that had been taken before its diwo^fiiry ae a Nova, shewed that it 
had been of about I2th mag. (191M225)j and bad ria&a to 3nl nuig, on ApHS 15thj 1925, 

The poaiticiiL of the Nova U about 7* from the N.£I edge of Nttbgettla Major und in Galactiijo Latitude — 56*^ 


j 


Nebuls and 

^S08,A2ti&^ CaxuUEp 

3756^^289, Caitaori, 
475 Sj^301j Crniii, 

2070,AU2,DaraduSp 


Clusters. {maps 

9*^1 i“-o, -srss^ 

nfcsa" !), -cr aff. 

121*50“’7,-eo* 6'. 

61*39" I,-59' 9^ 


0752, PaTCnia, 19’’ 6” 4, - (SO* 4'. 

B02S, A301, Triane, Ad>. 1 Bi* 69“ '4, - CO' 21'. 
104, Al fS, TiiCAjistj 0*' 31>“ 9, - 72’ 22’. 

363, AG2, H 1‘ Q» 7, - 71* O'. 


]5 Aad ]B) (^'nlettmd Nom, tm iho«t a/ 

A Urge, fichp globul&r ^luttlur oE 13111 to 15Lh inog. itnra ^like the 
^est duet/ 5' in diamijUir. The centre is a blaae of closely- 
packed at&ra. 

A fine c^baterj vkiblo in » binocular, containing at least 2Q€ Btara of 
8tb to ISch niagnitodo. 

SdrrouiiLiing k CmcU, a fine red BLar, A brillianti and beautiful 
ciiaater of ovar lOO itara of various colours ^lika a snporb piece of 
jewfillery,* 

The ' Great Looped Kebulm' round 3Q I>orad^. A lar]ga and i:irfght 
nebula, extremely eoinplcK in stnictum Tt ia viBible to LUs 
naked ^ye in the larger Mog^lacic Cload, or the Nabecula Major. 

A liJT^flp bright^, globular clujfcor, in diamotcpj. atura froTO llth to 
IGth mag, 

A bright, opau dLiatoc of atara fro-m the 7th magtLii<nd-ci downwmrds. 

47 Tucanffi, A moat glcrioufl cluster of IStli to 14ch magtiitiide and 
fain ter stars, the central por i ion being much couiprL^scd. V i sibl e 
to the naked eye as a hasy 5tb magnitude star near the Nuboculn 
Minor. 

A globular elustcr, IQ* iu dLameter^ of 13th to llth magnitudD aEars^ 
with a central bUzo of oloiiely pi^eked stars. It ia just yjsibEc to 
the naked eye ite a Glh magiiiitude atar. 
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IFiiA tfu tuf ihi M^p in v?hKh it (mh^ iAa q.ji^og;iPTiji^ q/ c«/minaSic?n &/ 

a point on iti cenirmi hmir o/ £i^hi Atcention ai 9 p.m. ^nd Midni^kt 


For ftftcb Hoar eurlier or later tban 9 p.w, pr — 

EaHior —Add 15 dija to dates given below, 

Lat ^—Subtract 15 di^i from pp 


For flich Wooir earlier or later than date* below— 
Earlier —Add 28 minutes to 9 p.En. or vaidnight 
Xaier—^Subtract „ froTP ^ n 
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